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The finest apparatus covering 


all fields of anaesthesia is 


designed and manufactured 
by M.L.E. 


Our expert knowledge 


is at all times 


at your disposal and ts 


backed by a degree of 


service second to none 


Your requests will receive 


prompt attention, 


Call, telephone or write 


MEDICAL & INDUSTRIAL EQUIPMENT LTD. 
SPECIALISTS IN ANAESTHETIC APPARATUS & SURGICAL INSTRUMENTS 


10 & 12 NEW CAVENDISH STREET, LONDON W.1 
Telephone : WElbeck 1851 and 1504 Telegrams : Narcosis, Wesdo, London 


MANCHESTER, 152-154 Oxford Road TORONTO, CANADA, 83-85, Grenville Street 
Phone: Ardwick $906 Phone: WALNUT 3.3845 
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British Oxygen Equipment and Gases... 


THE GOLDMAN | 


_.used every day to ease pain | and save lives 


| 
Primarily designed for the adminis: + 
ration of halotnane as an adjunct 4 
vides safe. flexible control.of vapour. 
concentration not onty tn dental 
anaesthesia. but in open or closed + 
Goldman vaporiser is so designed 
1 that under normal conditions of Tow 
output will not exceed | 
for itustrated iiteratire please write to 
oxygen Gases Limited, Medical Division Gt 
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Cyprane 
specialise in 
PRECISION ANAESTHETIC APPARATUS 
The present standard products are as follows : — 


@ CALIBRATED VAPORIZERS for volatile anaesthetic agents. 


FLUOTEC ... for “Fluothane” 
(standard range 0-5%—4-0%). 
TRITEC ... for “Trilene” 
(standard range 0-5%—1-5%) 
CHLOROTEC jor ... for Chloroform 
(standard range 0-5%—5-0%). 
AZEOTEC ... sah ... for the azeotropic mixture of “Fluothanc” 
with ether. 


@ TECOTA MARK 6 INHALER for analgesia set to give 0-5% Trilene in air 
and approved for use by Midwives. 


@ THE CYPRANE INHALER ... for “Trilene” analgesia in midwifery and minor 
surgery. 


@ A.E. GAS-OXYGEN Apparatus for the administration of nitrous oxide/oxygen 


(range 0—100%) in Dental and General 
anaesthesia. 


Cyprane Limited 
HAWORTH, KEIGHLEY, YORKSHIRE 
(Telephone: Haworth 3286) 


“Trilene” and “Fluothane” are the registered trade marks of Imperial Chemical Industries Ltd.. 
and “Vinesthene” is that of May & Baker Ltd. 
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A revolutionary advance in 
the treatment of ringworm infections 


A case of ringworm of the scalp, of the non-inflammatory type 


on es, ‘Fulcin’ has proved highly effective when given by 
mouth as a treatment for mycotic infections of the 
skin, hair and nails. Mycoses caused by various species 
of dermatophytes show a uniformly favourable response. 
The drug is well tolerated and only minor side effects may 
& A Md be observed in a few patients. These side effects are usually 
ui a n transient and, in most cases, disappear during treatment. 
TRADE MARK A daily dose of 1 gramme (1 ‘Fulcin’ tablet four times a day) 
GRISEOFULVIN is adequate for most cases. 


Packings. Scored tablets 250 mg. each. 
Containers of 100 and 1,000. Basic N.H.S. cost of treatment 


is 2/§d. per day. 100 tablets, 60/- 
Literature and further information available on request. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED PHARMACEUTICALS DIVISION WILMSLOW CHESHIRE 
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The new potént ANALEPTIC 


Vandid 


(VANILLIC ACID DIETHYLAMIDE) 


. .. increases the frequency and 
depth of respiration in seconds 


MORE POTENT THAN OTHER ANALEPTICS 


In animal studies, ‘Vandid’ was found to be four times more effective than 
leptazol and fifteen times more effective than nikethamide 
as a respiratory stimulant. (Wein Z. inn. Med., 1952, 1 : 16 


AB MORE EFFECTIVE IN BARBITURATE OVERDOSAGE 


“*.. As a respiratory stimulant bemegride has 
repeatedly failed . . . In fact as a respiratory 
stimulant it would appear to be much less effective 


than the convulsant vanillic acid diethylamide”. ( RIKER 


(Brit. med. F., 1959, 2 : 1332) 


BASIC N.H.S. PRICES 


VANDID IS SAFE .... DOSAGE IS SIMPLE.... ampoules (5% solution) 
Within the recommended dosage range (1-2 ml) 


toxic reactions are rarely seen. 
*Vandid’ is a trade mark 


RIKER LABORATORIES LIMITED, Loughborough, Leicestershire 
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NOTICE TO CONTRIBUTORS 


This Journal is for the publication of original 
work in all branches of anaesthesia, including the 
application of basic sciences. The March and 
September issues deal mainly with material of 
educational value. 


Papers. Papers are accepted on the understand- 
ing that they have not been and will not be 
published in whole or in part in any other journal. 
They are subject to editorial revision. Manuscripts 
should indicate the title of the paper, the name, 
qualifications and full address of the author, and 
be in double-spaced typing on one side only of 
quarto paper with a wide margin. 


Abbreviations, Weights and Measures. Abbre- 
viations should follow the convention adopted by 
the fournal of Physiology. Weights and measures, 
dosages, etc., should be expressed in the metric 
system. 


Tables. All tables should be on separate sheets 
and be capable of interpretation without reference 
to the text. 


Illustrations. Photographs should be un- 
mounted, glossy prints. Drawings, charts and 
graphs should be in black indian ink on white 
paper. All illustrations should be clearly numbered 
with reference to the text on the back and should 
be accompanied by a suitable legend. The name 
of the author and title of the paper should also be 
written on the back of the illustrations. 


References. There should be a table of refer- 
ences at the conclusion of the paper. These 
references should be arranged according to the 
Harvard system and in alphabetical order. 
Abbreviations in the references should be accord- 
ing to the World List of Scientific Publications. 


In the Harvard system, in the text the year of 
publication must follow the author’s name, more 
than one paper in any one year being indicated by 
a small letter (a, b, c) after the date. In the 
references, the order should be: author’s name, 
followed by initials; year of publication in paren- 
theses; title of paper to which reference is made; 
title of publication underlined with a single line 
(to indicate italics) and abbreviated in accordance 
with the World List of Scientific Periodicals; 
volume number in arabic numerals, underlined 
with a wavy line (to indicate bold face); the 
number of the first page in arabic numerals; thus: 
Howell, T. H., Harth, J. A. P., and Dietrich, M. 
(1954). The Use of Chlorpromazine in Geriatrics. 
Practitioner, 173, 172. 


In the case of books, the reference should be as 
follows: name of author and initials; year of 
publication in parentheses; title of the book; 
number of edition; page number; town of origin, 
publisher; ¢.g., Hewer, C. L. (1948). Recent 
Advances in Anaesthesia and Analgesia, 6th ed., 
p. 120, London: Churchill. 

The British Fournal of Anaesthesia should be 
referred to in the references as Brit. }. Anaesth. 


Proofs. Proofs will be sent to all contributors. 
These should be corrected and returned to the 
Joint Editors within forty-eight hours. 


Reprints. Twenty-five reprints of articles will 
be dispatched to the authors after publication. 
Further reprints can be supplied if application is 
made when the proofs are returned. 


Copyright. Papers which have been published 
become the property of the Journal and permission 
to republish must be obtained from the Editors. 
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TASTES VARY. AND 8O DO REQUIREMENTS. THE SYNTHETIC MUSCLE RELAXANTS IN THE 
RANGE OF M&8 BRAND MEDICAL PRODUCTS MEET NEEDS AS DIVERSE AS PROLONGED 
MAJOR SURGERY AND ELECTRO CONVULSIVE THERAPY, 


3 ideal for procedures of all but the Ss 
shortest duration 


completely reversed by neostig- LAXE DIL 


mine 


$i does not cause significant release 
of histamine 


9 for short procedures (3 to minutes) 
suitable for endoscopies, intubation, 
and orthopaedic manipulations 


uM 


3 extremely short duration ofaction 
(2 to 4 minutes) with marked freeiom 
from post-operative pain 


‘BREVIDIL’ E 
suitable for all brief procedures 


including dental surgery. ae 


MAY & BAKER LTD 


MANUPACTURED BY 


DISTRIBUTORS 


PHARMACEUTICAL SPECIALITIES (MAY & BAKER) LTD 


DAGENHAM 
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HANBURYS 


introduce 


THE.SEALEY Portable 


DEFIBRILLATOR 


it 


pies 
3 


« 


—ready for immediate use 
in cardiac emergencies 


DESCRIPTIVE LITERATURE 
AVAILABLE ON REQUEST 


NOTE: This Portable Defibrillator is only 
one of a comprehensive range of Sealey Electrical 
Cardiac Resuscitation Apparatus, including 
internal and external defibrillators and cardiac 


pacemakers. 


SOLE WORLD OISTRIBUTORS 


ALLEN &€ HANBURYS LTO (SURGICAL DIVISION) LONDON E2 
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THE INTERNATIONAL MEDICAL ABSTRACTING SERVICE 


EXCERPTA MEDICA 


AMSTERDAM — NEW YORK 


offers to medical science: 
For each medical specialty a MONTHLY ABSTRACTING JOURNAL containing 
abstracts in English from every available medical journal in the world, 
Two special publications : 
(1) SIDE EFFECTS OF DRUGS: an exhaustive and up-to-date review of the use 
of ee -day drugs and their side effects, edited and compiled by L. Meyler, 


(2) PHARMACOLOGICAL AND CHEMICAL SYNONYMS: a collection of 
more than 8,000 references from the medical literature of the world, compiled 
by E. E. J. Marler, M.D., M.Sc., Ph.D. 

A TRANSLATION SERVICE for the rapid translation of medical publications and 

manuscripts. 
Address your requests to our sole distributors for Great Britain and the Commonwealth 
(excluding Canada and South Africa) 


E. & S. LIVINGSTONE, LTD. Teviot Place, Edinburgh, 1 


BOARD OF MANAGEMENT AND PROPRIETORS 


General Editors 
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Further progress in 


Hospital Instruments 


BURNDEPT BE.277 


BODY PULSE METER 
Battery operated (truly portable) —sensitive— 
reliable and simple to use. Inexpensive. 


Brief specification: 

Visual Indication of Arterial Pulsation. A Microphone 
acting as a transducer, applied to the pulp of the 

terminal phalanx of any digit is used to operate the meter 
which thus indicates the arterial pulsations 

In conjunction with a sphygmomanometer it can be used to 
measure systolic blood pressure, the BE. 277 taking the 
place of the stethoscope 


BURNDEPT BN.120 
Universal Scintillation Counter 

A truly adaptable instrument which allows for 
several types of Collimators, different 

grades and types of Crystals, thus making ita 
multi-purpose Scintillation Counter. 

A Cathode Follower and Head Amplifier are available, 
designed to be truly compatible, comprising: 


Lead Skire BN 125) Wide Angle Collimator BN 122 
Narrow Angie Collimator Attachment BN 124 

Slotted Collimator BN 126 Adjustable Clamp BN 121 
Adjustable Clamp BN 123 Cathode Follower Unit BN 127 
Connectors 


BURNDEPT (acne cat. no. 3.715544) 
Generali Purpose Ratemeter Mk. II 


Associated Probes: Alpha—B8N. 
Beta/Gamma--BN. 108. 


Brief Specification: Designed primarily for measuring 
the radiation from contaminated surfaces 

Two probes are used for the detection of radiation. 

A Large Area Alpha Probe BN. 11! operating on the 
scintillation counter principle 

A Beta/Gamma Probe BN. 108 using a thin walled Geiger tube 
Ranges of 0-5, 0-50, 0-500 and 0-5000 counts/sec. 


BURNDEPT BN.106 
Head Amplifier —(for vse with BN. 110 & BN. 120). 


Brief specification: A wide band linear amplifier for 
amplifying pulses having a short development time 

Smali and compact and very suitable for use between scin- 
tillation counter of ion chambers and ratemeters or scalers 


Enquiries to: CONTRACT SALES DEPT., BURNDEPT LIMITED, ERITH, KENT. Telephone: Erith 33080 
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“1 would have everie man write what he knowes and no more.”’—MONTAIGNE 


BRITISH JOURNAL OF ANAESTHESIA 


JUNE 1960 


We published in the May issue of this Journal a 
paper (Brit. ¥. Anaesth., 32, 219) by Drs. Conway, 
Miller and Sugden on “Sore Throat after Anaes- 
thesia,” which showed that one quarter of all the 
patients under review suffered from this dis- 
agreeable result of anaesthesia. Of the patients 
who were intubated, nearly two out of every five 
were so afflicted, and in summary it would seem 
that something like one out of every five of our 
patients is likely to be afflicted with a severe sore 
throat after anaesthesia. This is only one of the 
comparatively minor sequelae of our ministrations 
and some of these are, with a little extra care, 
preventable. In regard to sore throat, it is the 
clinical impression of at least one department 
that careful attention to the sterility of tubes and 
suction catheters and the use of a practically non- 
touch technique for their introduction seems to 
reduce the incidence. 

There are other minor sequelae, the incidence 
of which we may also tend to take too much 
for granted. How many patients wake up to find 
legs or/and arms afflicted by the haematomata 
which are regarded by many anaesthetists as 
almost among the necessary evils attendant upon 
modern anaesthesia. “How necessary” is, at least, 


MINOR SEQUELAE OF ANAESTHESIA 


debatable. Again, quite a percentage of the popu- 
lation of this country must by now have been 
afflicted with post-suxamethonium pains. One 
well-known teacher was recently heard to say 
that, although he believed a small dose of nonde- 
polarizing relaxant given before suxamethonium 
would reduce the incidence of this complication, 
yet “somehow or other” this was not the usual 
procedure even in the units in which he worked. 
These pains can be very crippling and in at least 
one instance have almost led to litigation. We 
suggest that they should not be regarded lightly 
and that every possible effort should be made to 
reduce their incidence, including a less light- 
hearted use of suxamethonium where it is not 
obviously indicated. 

In conclusion, while there is proceeding a great 
deal of investigation into more refined methods of 
suspended animation (which are only likely to be 
applied to a very small proportion of the popula- 
tion) surely there is a greater need for more effort 
to be devoted towards the reduction in incidences 
of some of these minor sequelae. It would seem 
that the first step is for the administrators of 
anaesthesia to be aware of their importance and 
to exercise ever greater care to avoid them. 
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STUDIES WITH AN ORGANIC BUFFER (T.H.A.M.) DURING APNOEIC 
OXYGENATION IN DOGS 


BY 


R. A. Mitiar, G. F. BrInDLE AND R. G. B. GILBERT 
Department of Anaesthesia, Montreal Neurological Institute and 
McGill Umversity, Montreal, P.Q., Canada 


RECENT studies, using the condition of apnoeic 
oxygenation (“diffusion respiration”) as a means 
of inducing progressive carbon dioxide accumu- 
lation (Draper, Whitehead and Spencer, 1947; 
Holmdahl, 1956), showed that plasma levels of 
adrenaline and noradrenaline were raised dur- 
ing acute respiratory acidosis. Average findings, 
after 1 hour of apnoeic oxygenation, were an arte- 
rial pH of 6.55, a Pco, of 338 mm Hg, and a total 
plasma catecholamine level of 24 ug/l. (Millar, 
1960). 

An organic buffer, tris-(hydroxymethyl) amino- 
methane (T.H.A.M.), was shown by Nahas and 
Rosen (1959) to be effective in reducing or pre- 
venting the extreme pH changes which accom- 
pany apnoeic oxygenation. In view of Nahas’ 
findings our previous studies have been extended, 
mainly to determine acid-base balance and plasma 
catecholamine levels during buffered apnoeic 
oxygenation in dogs; the results, and some other 
effects of T.H.A.M., will be presented and 
discussed here. 


METHOD 


Nine experiments were performed, the conditions 
resembling closely those employed in an earlier 
study (Millar, 1960). After induction of light 
anaesthesia with thiopentone, dogs were allowed 
to breathe 100 per cent oxygen through a No. 
10 cuffed Magill tube for approximately 20 
minutes, while one femoral artery was cannu- 
lated for withdrawal of blood samples and record- 
ing of blood pressure. A slow continuous 
infusion of suxamethonium chloride (0.2 per cent) 
was started, and the animals were ventilated with 
100 per cent oxygen for a further 10 minutes, 
during which control blood samples were with- 
drawn. They were then left in a state of apnoeic 


oxygenation, the endotracheal tube being con- 
nected, through a T-piece with a slack expiratory 
valve, to a 5-litre bag which was kept loosely 
filled with a slow flow of 100 per cent oxygen. 

T.H.A.M. was supplied as an anhydrous, 
lyophilized sterile powder containing  tris- 
(hydroxymethyl) amino-methane 36.3 g., with 
sodium chloride 1.75 g. and potassium chloride 
0.37 g. To this was added 1,000 or 500 ml 
distilled water to give the 0.33M. or 0.66M. 
solution of pH 10.6. 

The recommended 0.33M. solution was given 
by intravenous infusion in the first two experi- 
ments but, because of the large volumes required 
to buffer adequately the severe respiratory acidosis 
induced by apnoeic oxygenation, the more con- 
venient 0.66M. solution was used subsequently. 
Infusion rates of 0.5-1 ml/kg/min were em- 
ployed. In some experiments T.H.A.M. was 
administered at the start of the period of apnoea 
and later discontinued; in other studies it was 
given after apnoea had already lasted for 1 hour 
or longer. 

Arterial blood samples were taken at variable 
times before, during and after administration of 
T.H.A.M. Immediately after each blood sample 
was withdrawn, an equal volume of normal 
saline was injected intravenously, to prevent or 
retard any rise in plasma adrenaline which might 
result from blood sampling. 

Blood for pH, Pco, and “standard” bicar- 
bonate estimations (8 ml) was withdrawn anaero- 
bically into syringes moistened with heparin 
solution. Whole blood pH and the pH of separ- 
ated plasma, equilibrated at 38°C with a known 
Pco, tension (40 mm Hg), were determined at 
once, using the “Radiometer” pH meter and 
Astrup apparatus (Astrup and Schroder, 1956); 
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STUDIES WITH AN ORGANIC BUFFER (T.H.A.M.) 


from these two pH determinations the “standard” 
bicarbonate in separated plasma (at a Pco, of 
40 mm Hg) and the Pco, were calculated 
as described by Astrup (1956). Because of the 
extreme increase in bicarbonate produced by 
infusion of T.H.A.M. during respiratory acidosis, 
the available graphs relating equilibrated plasma 
pH with the “standard” bicarbonate and Pco, 
were sometimes incomplete; in such instances 
the “standard” bicarbonate is given as (>50) 
and the estimated Pco, value is tabulated in 
brackets to indicate that the figure is approxi- 
mate. 

Blood samples for assay of adrenaline and nor- 
adrenaline (35 ml) were withdrawn into glass 
tubes containing a few drops of heparin solution 
(10,000 units/ml) and were centrifuged imme- 
diately. The plasma was aspirated, filtered and 
applied to alumina columns. Adrenaline and 
noradrenaline in the plasma eluates were esti- 
mated fluorimetrically by the trihydroxyindole 
method which has been described previously 
(Millar, Keener and Benfey, 1959). An additional 
step was introduced into the method after 
development of fluorescence, 0.5 ml of 1 per 
cent disodium ethylenediamine  tetra-acetate 
being added to the final mixture prior to measure- 
ment in the photofluorimeter. Although slightly 
reducing recovery, this ensures consistently low 
“blank” values. An error of +25 per cent is 
involved in the differential estimation of adrena- 
line and noradrenaline in single plasma samples 
and the values, which refer to ug free base/litre 
of plasma, are uncorrected for losses in recovery 
up to 30 per cent. In two studies arterial oxygen 
saturation was determined spectrophotometri- 
cally (Nahas, 1951). 


RESULTS 


Table I shows some typical features of apnoeic 
oxygenation. The severe respiratory acidosis 
which develops progressively over a period of 
60 minutes, as demonstrated by a pronounced 
fall in arterial pH and rise in Pco,, is accompanied 
by a rise in circulating catecholamine concen- 
tration. In the early period an increase in plasma 
noradrenaline is more pronounced, after which 
the adrenaline level rises markedly. Except for a 
high initial “standard” bicarbonate, and a less 
pronounced rise in catecholamine levels, the 
findings shown in table I are essentially as 
described previously (Millar, 1960). 

Table II, by contrast, presents the data from 
an experiment in which a solution of T.H.A.M. 
(0.33M.) was given by intravenous infusion 
during apnoeic oxygenation, and shows that a 
much smaller fall in pH occurred, from an initial 
value of 7.45 to only 7.24 after 60 minutes of 
apnoea; during this time arterial Pco, increased 
from 30 to 130 mm Hg, and the buffering action 
of T.H.A.M. was evident in a pronounced rise 
in “standard” bicarbonate from 21 to 49 
m.mole/l. During this period plasma catecho- 
lamine concentration showed only small changes, 
but when the infusion of buffer amine was dis- 
continued greatly increased levels of adrenaline 
and noradrenaline accompanied the reduced pH 
and elevated Pco, which occurred after a further 
30 minutes of apnoea. 

Table III illustrates the findings from a similar 
study in which the rise in Pco, produced by 
apnoeic oxygenation was buffered more effectively 
by a 0.66M. solution of T.H.A.M.; after 117 
minutes of apnoea the arterial pH was 7.50, and 


| 
Changes in arterial pH, Pco,, “* standard” bicarbonate, adrenaline (A) and noradrenaline 


(N) concentrations, and arterial blood pressure (B.P.) during 60 min of apnoeic oxygenation 
(A.O.) in one experiment. 


Pco, 


(mm Hg) (m-mole/I.) 


Standard ” 
bicarbonate A 


B.P. (mm Hg) 
Diastolic 


N 
(ug/l) (ug/1.) Systolic 


0.33 


7 


6 
2 


| 
[ 
4 
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(min 
(min) Sample pH 
1 7.46 45 29 0.02 166 126 
+15 2 7.05 140 33 0.22 omm 211 109 
+30 3 6.88 245 38 3.7 2 223 136 ts ae 
+60 4 6.67 395 36 8.0 z 140 75 a or, 
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Taste Ii 
Arterial pH, Pco,, “standard” bicarbonate, adrenaline (A) and noradrenaline (N) concentrations, 
and mean arterial blood pressure (M.A.B.P.) before, during and after 60 min of apnoeic oxygenation 
(A.O.) buffered by a 0.33M. solution of T.H.A.M. 
Standard 
Time Pco, bicarbonate A N M.A.B.P. 
(min) Sample pH (mm Hg) (m-mole /1.) (ug/l) (ug/l) (mm Hg) 
1 7.45 30 21 0.12 0.73 146 
Start A.O. + T.H.A.M. 
+15 2 7.44 63 40 0.05 0.43 152 
+30 3 7.32 97 42 0.30 0.64 140 
+60 4 7.24 130 49 0.34 0.59 131 
+ 105 5 7.25 (145) (<< 50) 0.48 0.36 127 
Stop T.H.A.M. 
+30 6 6.92 285 50 14.5 5.5 188 
Taste 


Arterial pH, Pco,, “ standard” bicarbonate, adrenaline (A) and noradrenaline (N) concentrations, 
and mean arterial blood pressure (M.A.B.P.) during 117 min of apnoeic oxygenation (A.O.) 
buffered by T.H.A.M. (0.66M.) 


Standard 


Time Poo, bicarbonate A N M.A.B.P. 
(min) Sample pH (mm Hg) (m-mole /1.) (ug/l) (ug/L) (mm Hg) 
7.54 26 22 0 0.45 152 
Start T.H.A.M 
15 2 7.94 10 4 0 0.40 110 
Start A.O. 
+15 3 7.87 25 40 0.07 0.25 112 
3 4 7.79 30 44 0.11 0.10 122 
60 5 7.69 43 48 0.12 0.29 127 
+117 6 7.50 (75) (> 50) 0.71 0.95 143 
Remove O, 
8 7 7.46 (87) (> 50) 5 7.8 147 
»13 8 7.36 98 74.1 24.8 Zero 
Tasie IV 


The use of T.H.A.M. (0.66M.) in maintaining Poo, almost constant at an increased 
arterial pH during | hour of apnoeic oxygenation (A.O.) 


“ Standard 


Time Poo, bicarbonate M.A.B.P. 

(min) Sample pH (mm Hg) (m-mole/l.) (mm Hg) 
I 7.47 43 29 118 

Start A.O. + T.H.A.M. 

+15 2 7.78 28 40 109 

+30 3 7.84 28 46 134 

60 4 7.74 39 50 221 


Pco, approximately 75 mm Hg. For the first The ability of T.H.A.M. to maintain Pco, 
hour plasma adrenaline and noradrenaline showed almost constant but at an increased arterial pH, 
negligible changes, and only moderate increases in the course of 1 hour of apnocic oxygenation, 
were measured after nearly 2 hours of respira- is well shown by the study illustrated in 
tory arrest. table IV. 
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In two experiments the initial period of venti- 
lation with 100 per cent oxygen (prior to 
apnoea) was continued for a further 15 minutes 
while T.H.A.M. was given; in one instance 
(table III) this produced a fall in Pco, from 26 
to 10 mm Hg, accompanied by a marked rise in 
pH and “standard” bicarbonate, without change 
in catecholamine levels. In the other experiment 
(table VII) the changes in pH and “standard” 
bicarbonate were even more pronounced, and 
obviously represent the effects of an overdose 
of T.H.A.M. when given in the absence of res- 
piratory acidosis. 

An abrupt and pronounced fall in plasma 
catecholamine levels occurred as a result of 
T.H.A.M. administration as shown in table V, 
which presents the results from three experiments 
in which the infusion of buffer amine (0.66M.) 
was begun after apnocic oxygenation had already 
lasted for periods of 45, 50, and 60 minutes 
respectively. The rapidity of the changes induced 
by T.H.A.M. are well illustrated by one of these 
studies in which a fall in Pco, from 315 to 52 
mm Hg occurred over 10 minutes, accompanied 
by a 100 per cent rise in “standard” bicarbonate, 
an increase of 1 unit in whole blood pH, and a 
fall in total plasma catecholamine concentration 
from 7 to 1.4 ug/l. 

The alterations in systolic and diastolic blood 
pressure induced in a typical experiment by 
unbuffered apnoeic oxygenation are included in 
table I and, as observed previously (Millar, 
1960), there was an initial decrease in diastolic 
level accompanied and followed by marked in- 
creases in systolic pressure, but after 1 hour of 
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TABLE V 
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apnoea blood pressure was reduced. When 
apnoeic oxygenation was buffered concurrently 
by T.H.A.M., the average systolic and diastolic 
pressure in five experiments increased progres- 
sively to reach levels, after 1 hour of apnoea, 
which were 16 per cent and 24 per cent above 
control values respectively. Blood pressure 
changes were quite inconsistent, however; for 
example, pronounced hypertension occurred in 
two experiments with peaks at 30 and 60 minutes 
respectively, although Pco, levels at these times 
were only 30 and 39 mm Hg (tables VII and IV); 
table II shows, by contrast, that although in 
another experiment there was a steady increase in 
Pco, to 145 mm Hg during 105 minutes of buf- 
fered apnocic oxygenation, the concomitant 
changes in mean arterial blood pressure were 
relatively small. A variable response was also 
shown when the infusion of buffer amine was 
started after apnoea had already been maintained 
for some time (table V); the mean blood pressure 
levels increased, fell, or remained unchanged. 

In two experiments (tables III and VII) a fall 
in mean arterial blood pressure resulted when 
T.H.A.M. (0.66M.) was infused rapidly during 
15 minutes of manual ventilation with 100 per 
cent oxygen (prior to apnoeic oxygenation). 

Tables VI and VII give the complete data 
obtained in two experiments in which arterial 
oxygen saturation was measured in addition to 
pH, Pco, and “standard” bicarbonate. Table VI 
shows the gradual decline in oxygen saturation 
which characteristically accompanies the progres- 
sive alveolar carbon dioxide accumulation induced 
by apnocic oxygenation, and illustrates the return 


Changes in arterial pH, Pco,, “ standard” bicarbonate, adrenaline (A) and noradrenaline (N) 
concentrations, and mean arterial blood pressure (M.A.B.P.) when an infusion of T.H.A.M.(0.66M.) 


was given during an existing severe respiratory acidosis (A.O.-apnoeic oxygenation). 


Standard 
Time bicarbonate A N M.A.B.P. 
(min) pH (mm Hg) (m-mole/1.) (ug/l) (mm Hg) 


| 
- 
| 
| 
A.O. +45 6.72 325 44 24.9 10.2 215 
T.H.A.M. +5 7.09 145 38 1.0 14 121 ee a 
A.O. +50 6.62 315 24 5.4 1.6 
i T.H.A.M. +10 7.62 52 49 0.22 1.2 91 
: +45 7.74 (47) (> 50) 0.03 0.43 118 
A.O. +60 6.67 395 %6 8.0 2.2 97 
T.H.A.M. +20 7.17 (180) (> 50) 0.53 1.2 97 
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Arterial oxygen saturation, arterial pH, Pco, and “ standard” bicarbonate, and 
mean arterial blood pressure (M.A.B.P.) during and after apnoeic oxygenation 
(A.0.) buffered by T.H.A.M. (0.66M.) 


“Standard” O 


Time Pco, bicarbonate sat. M.A.B.P. 
(min) Sample pH (mmHg)  (m-mole/l.) (mm Hg) 

1 7.44 36 23 100 162 
Start A.O 
+15 2 6.97 150 29 96 163 
+30 3 6.87 250 30 95 206 
+60 4 6.59 366 27 81 95 
Start T.H.A.M 
+15 5 7.10 164 44 102 123 
+30 6 7.40 (110) (> 50) 99 116 
+60 7 7.43 (105) (> 50) 101 105 
Remove O, 
+6 8 7.20 (170) (> 50) 33 

Taste VII 


Arterial oxygen saturation, arterial pH, Pco, and “ standard” bicarbonate, and 
mean arterial blood pressure (M.A.B.P.) during and after apnoeic oxygenation 
(A.O.) buffered by T.H.A.M. (0.66M.) 


“Standard Oo 


Time Pco, bicarbonate sat. M.A.B.P. 
(min) Sample pH (mm Hg) (m-mole/I.) 4 (mm Hg) 
1 7.52 23 19 95 147 
Start T.H.A.M. 
+15 2 8.00 13 34 99 114 
Start A.O 
+15 3 7.94 20 43 96 170 
+30 4 7.84 30 49 94 210 
+60 5 7.71 (50) (> 50) 94 168 
Stop T.H.A.M. 
+14 6 7.34 (120) (> 50) 90 97 
44 7 7.04 205 48 57 74 
Vent. 
6 8 7.64 35 36 97 Zero 


to full oxygenation which follows T.H.A.M. ad- 
ministration. Table VII demonstrates that the 
buffer amine is also effective in maintaining 
oxygenation for at least 1 hour of apnoea, and 
shows the decline in arterial oxygen saturation 
which results when the infusion of T.H.A.M. is 
stopped. Similar changes were readily apparent 
in other experiments from inspection of arterial 
blood samples withdrawn before or after infusion 
of T.H.A.M. during apnocic oxygenation. 
There was no evidence, on the other hand, 
that the buffer amine could permit survival for 
an extended period when apnoea was maintained 
with the airway open to room air rather than to 


the 100 per cent oxygen available during true 
apnoeic oxygenation, and in six experiments the 
average period of “apnoea in air” lasted for only 
7.5 minutes (range 4-13 minutes), during which 
plasma catecholamine levels were greatly in- 
creased, before cardiac arrest occurred from acute 
asphyxia (tables III and VI). 

In eight of the nine experiments there was no 
indication, from the intra-arterial blood pressure 
record, that cardiac arrhythmias occurred either 
in direct association with administration of 
T.H.A.M., or because of the sudden changes in 
Pco, and pH which resulted. During the final 
experiment, however (table VII), 75 mg_ thio- 
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pentone was injected during a period of hyper- 
tension, after 39 minutes of apnoeic oxygenation 
buffered by T.H.A.M.; this caused abrupt hypo- 
tension (associated with rapid ventricular 
arrhythmias). Gentle pressure on the thoracic 
cage during palpation of the cardiac impulse 
resulted in an immediate return of blood pres- 
sure to the previous hypertensive level. Later in 
this experiment there was a fall in arterial oxygen 
saturation to 57 per cent after terminating the 
infusion of T.H.A.M., and complete circulatory 
collapse occurred during the subsequent period 
of ventilation with 100 per cent oxygen (immedi- 
ately prior to withdrawal of sample 8, table VID). 

After an initial “lag” period of about 15 minutes 
an infusion of T.H.A.M. induced a profound 
diuresis; in the single experiment during which 
urine was drained by catheter the amount ex- 
creted was 1,170 ml compared to a total of 1,075 
ml administered intravenously. 


DISCUSSION 


These experiments confirm the effectiveness of 
an organic buffer amine, T.H.A.M., in limiting 
or preventing the extreme respiratory acidosis 
induced by apnoeic oxygenation, when given by 
infusion throughout the period of apnoea. 
Instead of a greatly increased Pco,, bicarbonate 
is formed in large amounts according to the 
equation. a 
R-NH+CO, + H,O= HCO’, + RNH, 

(Krebs, 1951). In this study, the average 
HCO’,/H,CO, ratio in the course of 45-90 
minutes of unbuffered apnoeic oxygenation was 
2.9; when T.H.A.M. was infused throughout 
comparable periods of apnoea the ratio was in- 
creased to 17.3. As a result of this marked rise 
in HCO’,/H,CO, ratio, the fall in arterial pH 
was minimized or prevented. If sufficient buffer 
amine was given pH was increased. For example, 
when the 0.33M. solution was used, arterial pH 
was approximately 7.2 at a Pco, of 100-150 mm 
Hg, after 60 minutes of apnoea, whereas with the 
0.66M. solution Pco, could be held below 50 mm 
Hg for at least 1 hour of apnoea, but only at the 
price of an increased pH. When arterial pH and 
Pco, were not elevated, infusion of T.H.A.M. 
induced a condition of “metabolic alkalosis.” 

An additional feature of the action of T.H.A.M. 
is that while untreated apnoeic oxygenation 
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is always accompanied by anuria (Kopecky et 
al., 1952), concurrent (or subsequent) T.H.A.M. 
administration induces a marked diuresis which, 
according to Nahas and Rosen (1959), eliminates 
in the form of bicarbonate up to 28 per cent of 
the estimated total carbon dioxide produced 
during apnoea. 

When the respiratory acidosis was buffered, 
plasma adrenaline and noradrenaline were held 
at near-normal levels, arterial oxygen saturation 
was maintained, and changes in arterial blood 
pressure were minimized. Unfortunately there is 
insufficient evidence from this, or from our 
previous study, to show clearly whether the fall 
in pH or the rise in carbon dioxide tension was 
mainly responsible for the changes in plasma cate- 
cholamine levels during apnoeic oxygenation. 
However, when pH was reduced during unbuf- 
fered apnoeic oxygenation, Pco, levels of 100- 
200 mm Hg were always accompanied by definite 
increases in plasma adrenaline and noradrenaline, 
whereas when Pco, values were in the same 
range after prolonged apnoea buffered by 
T.H.A.M. (the fall in pH being less), catechol- 
amine levels were frequently not greatly changed. 
This merely suggests that a reduction in pH may 
be the more important factor in liberating 
increased amounts of adrenaline and noradren- 
aline. 

The plasma catecholamine concentrations 
measured during buffered and unbuffered apnoeic 
oxygenation, as described in this and the pre- 
vious paper (Millar, 1960), appear to be in line 
with the report by Jordan et al. (1959), who 
measured similar levels using the controversial 
ethylenediamine technique of assay. 

When apnoeic oxygenation has continued for 
an hour or longer a very rapid fall in arterial 
Pco, can be produced by manual overventilation; 
at the same time the increased catecholamine 
levels are lowered to near-normal values (Millar, 
1960). Rapid infusion of T.H.A.M., after a period 
of apnocic oxygenation, is comparable to over- 
ventilation in its effect on arterial pH, Pco,, and 
circulating catecholamines, although the marked 
rise in “standard” bicarbonate produced by 
T.H.A.M. contrasts with the fall to low levels 
(indicative of a metabolic acidosis) when respira- 
tory acidosis is corrected by overventilation. 

The absence of cardiac arrhythmias during 
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reduction in plasma Peco, by infusion of 
T.H.A.M. reinforces the findings of previous 
experiments in which there were no serious 
cardiac effects during rapid reduction in arterial 
Pco, by ventilation with 100 per cent oxygen 
(Holmdahl, 1956; Millar, 1960). It deserves re- 
emphasis, therefore, that the initial evidence 
implicating rapid reduction in arterial Pco, as a 
cause of serious ventricular arrhythmias was 
obtained when dogs breathed 30-40 per cent 
carbon dioxide in oxygen for 3-4 hours and were 
then suddenly made to breathe room air (Brown 
and Miller, 1952), a transition which could 
result in an abrupt (although probably transient) 
reduction in arterial oxygen saturation. 

The occurrence of acute circulatory collapse in 
one experiment of the present study seems to 
underline the importance of an anoxic factor, 
since the degree of arterial oxygen desaturation 
reached earlier had been more extreme than in any 
of the other fifteen experiments from this and the 
previous study (all of which were uncomplicated 
by circulatory failure). Ventricular arrhythmias 
can be induced readily in dogs by a variety of 
stimuli, and not infrequently their appearance 
and disappearance can be related to inflation of 
the lungs. The fast ventricular rhythm (accom- 
panied by hypotension), which occurred after 
injection of thiopentone during apnocic oxygen- 
ation (also in the last mentioned experiment), was 
apparently reversed by external pressure on the 
cardiac apex; this emphasizes the sensitivity of 
the dog heart to a stimulus which in this case 
was predominantly mechanical in nature. It 
appears, therefore, that the available data should 
be re-examined and further evidence obtained 
before a fall in Pco, per se (i.e. uncomplicated 
by mechanical factors or by preceding or con- 
current arterial oxygen desaturation) can be 
accepted as a primary cause of cardiovascular 
collapse. 

The action of T.H.A.M. in maintaining full 
oxygen saturation during apnoea, or in restoring 
oxygenation during an already existing respira- 
tory acidosis, appears to be secondary to the re- 
duction in alveolar Pco, which in turn results 
from the buffering of accumulated carbon dioxide 
in blood, body fluids and tissues. Since in this 
study the preliminary period of denitrogenation 
by spontaneous or controlled ventilation with 100 
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per cent oxygen was short, the effect of T.H.A.M. 
on oxygen saturation during apnoea shows that 
accumulation of nitrogen in the alveoli is of 
minor importance in affecting oxygenation com- 
pared to the progressive accumulation of carbon 
dioxide. Provided that sufficient T.H.A.M. is 
given it seems likely that apnoeic oxygenation 
could be prolonged for considerably longer than 
the maximum period of just under 2 hours studied 
in these experiments. 

When the recommended 0.33M. solution of 
T.H.A.M. is given to buffer a severe respiratory 
acidosis, a fast rate of infusion will be required 
and this may be difficult to maintain. Venous 
irritation and occasional haemolysis detract from 
the greater convenience of the 0.66M. solution, 
which in addition may produce a marked alka- 
losis unless the amount infused is carefully 
titrated. 


SUMMARY 


When given by intravenous infusion throughout 
periods of apnoea lasting for 1 hour or longer, 
solution of tris-(hydroxymethyl) amino-methane 
(T.H.A.M.) were effective in limiting or pre- 
venting the extreme fall in pH induced by 
accumulation of carbon dioxide. Rises in plasma 
adrenaline and noradrenaline were prevented, 
arterial oxygen saturation was maintained, and 
the changes in arterial blood pressure induced by 
apnoeic oxygenation were not observed. 

When administered during an existing severe 
respiratory acidosis, solutions of T.H.A.M. pro- 
duced a rapid fall in Pco,, a rise in arterial pH, 
a marked increase in “standard” bicarbonate 
(and in the HCO’,/H,CO, ratio), a rise in 
arterial oxygen saturation, and an abrupt fall in 
plasma adrenaline and noradrenaline concentra- 
tions. These changes were discussed briefly. 
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BOOK 


Essays on the first Hundred Years of Anaesthesia. 
By W. Stanley Sykes. Published by E. and S. 
Livingstone Ltd., Teviot Place, Edinburgh. 


Price 30s. 


Dr. Sykes has written a most interesting book 
alike for the layman and the professional. How 
original many of his ideas are I am unable to say, 
but some at least seem so to me; here for instance 
are two: (1) A long preface giving an account of 
maiy inventions. This should be studied by every 
would-be inventor, it is more than likely it would 
save him a lot of trouble. (2) A chapter on the 
environment of anaesthesia. I think this must be 
an original idea, but one nevertheless very much 
to the point. It sets the stage. 

Chapter three deals with the “Beginnings of 
things” about which so much has already been 
written that Dr. Sykes was a brave man to make 
another attempt. He has succeeded in giving us an 
interesting account into which he has obviously 
put some of the Herculean labours to which he 
refers in his dedication to “Nan”. 

He shows us Queen Victoria in a light 
unusual as it is delightful, and he 


goes back to Sir Walter Raleigh for the 
earliest acquaintance of the western European 
world with curare. A more appropriate quotation 
for the chapter headed 


“Stupidities” could 


REVIEW 


hardly be found; here it is: “Against 
stupidity the gods themselves battle in vain”. 
Not the whole truth let us hope but, regrettable 
as it is, a large element of it. Most of the examples 
of stupidity given are attributed to surgeons, 
which is explained by the fact that they would 
keep talking about a subject of which they knew 
little. The greatest stupidity of all that surgeons 
as a body (there were a few, a very few, enlight- 
ened exceptions) made and to which Dr. Sykes 
does not call attention, except indirectly, derived 
from their too great attention to their self- 
regarding instincts. All they cared about was to 
have a sufficient number of skilled technicians so 
that they should never be inconvenienced by 
delay. The idea that they had a part to play, or 
a duty to perform in the advancement of anaes- 
thesia, and surgery dependent on that advance, 
apparently never occurred to them. The conse- 
quence was that the tremendous development 
that has taken place in the last few years in anaes- 
thesia and surgery had to await the arrival of a 
more enlightened, because less selfish, generation. 
The history of the various factors which wrought 
this change would form a very interesting chapter, 
so perhaps we may expect it in volume two. Be- 
fore I finish with this account of stupidities I 
must quote the example taken from the famous 

[continued on page 261 
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OBSERVATIONS ON A REBREATHING TECHNIQUE FOR THE 
DETERMINATION OF ARTERIAL Pco, IN THE APNOEIC PATIENT 


M. K. SYKES 


Department of Anaesthesia, Postgraduate Medical School and Hammersmith Hospital, 
London, W.12 


EQUILIBRIUM between mixed venous blood and 
lung gas can be achieved by rebreathing a suitable 
carbon dioxide mixture from a bag. Plesch (1909) 
was the first to use this principle for the deter- 
mination of mixed venous carbon dioxide tension 
(PVco,). For some years the method was employed 
in the determination of cardiac output but it was 
later realized that the accuracy was insufficient for 
this purpose (Grollman, 1932; Collier, 1956; 
Defares, 1956, 1958). Further interest in the 
method was stimulated by the theoretical analysis 
of Suskind and Rahn (1954). They pointed out 
that the mixed venous carbon dioxide tension 
is predominantly controlled by the alveolar venti- 
lation and is little affected by changes in cardiac 
output. A corollary is that the arteriovenous Pco, 
difference is small and relatively constant. 

The use of rapid gas analyzers has facilitated 
more detailed studies of the rebreathing process. 
In 1956 Collier showed that a “plateau” may be 
observed in the Pco, trace when equilibrium is 
complete (fig. 1, C). To achieve this state before 
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appreciable recirculation occurs the bag must be 
kept small and the initial Pco, of the rebreathed 
gas must be within 15 mm Hg of the PVeo,. 
Hackney, Sears and Collier (1958) continued this 
work and showed that a close estimate of arterial 
Pco, could be obtained by subtracting a figure 
of 6 mm Hg from the Pv... obtained by the re- 
breathing method. Comparison of such estimates 
with direct arterial blood gas analyses in sixty 
patients with heart and lung disease revealed that 
the standard error was +2.9 mm Hg with a 
maximum observed discrepancy of +5.3 mm Hg. 
The value obtained by the rebreathing method 
yielded a more accurate estimate than end-tidal 
Pco, when disturbances of the ventilation-per- 
fusion ratio were present. 

Although the Collier technique can be applied 
with success to clinical practice (Griggs et al., 
1958) a rapid gas analyzer is essential. This is 
both cumbersome and expensive. Campbell and 
Howell (1960a) have now modified the technique 
so that the gas may be analyzed on a simplified 
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Continuous Pco, trace recorded by mass spectrometer during rebreathing. 
Subject connected by a three-way tap to a 2-1, bag containing 100 per cent 
oxygen, The third limb of the tap was open to air. Sample (15 ml/min) was 
taken from the mouthpiece. Spontaneous respiration. 

A-——initial period of rebreathing 

B—tap open to air 

C—-period of equilibration showing “plateau”. 

Ordinate——-Pco,. Abscissa—time in seconds. 
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Haldane apparatus (Campbell, 1960); the per- 
centage of carbon dioxide can be read directly 
from the burette and converted to Pco, from the 
formula : 
_ (B-47)x %CO, 
100 
where B= the barometric pressure in mm Hg. 

The modified technique is carried out in three 
stages. First, a gas mixture suitable for the sub- 
sequent equilibration is prepared by rebreathing 
into a bag containing oxygen (fig. 1, A). A 
pause is then made to allow the patient to 
eliminate excess carbon dioxide retained in the 
body during this period (fig. 1, B). In the third 
stage, which must obviously be accomplished 
before appreciable recirculation of blood occurs, 
the prepared gas mixture is equilibrated with the 
mixed venous blood (fig. 1, C). PVco, is calculated 
from the analysis of the gas remaining in the 
bag. By subtracting 6 mm Hg from this figure 
an estimate of Pa.o, is obtained. 

Consideration of the mechanisms involved 
(Campbell and Howell, 1960b) suggests that 
inadequate gas exchange between bag and lungs 
is the most likely cause of failure. Since the tidal 
volume is under the control of the operator when 
artificial ventilation is employed (except where 
gross obstructive lesions exist) it would seem that 
the technique could be most usefully adapted to 
the apnoeic patient. Studies have been made to 
determine the effectiveness of the technique 
under such circumstances; they form the subject 
of this communication. 


METHODS 
The experiments were performed on patients 
suffering from severe tetanus who were being 
treated by total paralysis and intermittent 
positive pressure respiration. Patients were 
studied at various stages during therapy. Chest 
complications such as bronchitis, bronchopneu- 
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monia or atelectasis were present in many of the 
cases studied. 

The airway was secured in all cases by 
tracheostomy. A cuffed rubber tube was used in 
the adults and children studied, whilst a short 
latex armoured tube was used in the neonates. 
If an audible leak around the tube occurred the 
experiment was discarded. All patients were 
maintained in a steady respiratory state for at 
least 15 minutes before observations were com- 
menced. Tracheal suction, changes of position 
and of inflating pressure were avoided during the 
experiment. 

As a rapid gas analyzer was not available, 
individual 10-ml samples were analyzed, either on 
the standard or modified Haldane apparatus. 
Twenty analyses of the same gas on the latter 
apparatus were never in error by more than 0.1 
per cent carbon dioxide when compared with the 
value obtained by analysis on the standard 
Haldane (4.88 per cent carbon dioxide in oxygen). 
Since an error of + 3 mm Hg Pco, was considered 
acceptable this degree of accuracy proved ade- 
quate for clinical purposes. 

Preliminary experiments were performed to 
determine the optimal conditions for the prepara- 
tion of the equilibrating gas mixture. The con- 
clusions are set out in table I. Standard anaes- 
thetic bags of 2 1. and 500 ml were used for 
adults and children whilst a 100-ml child’s 
balloon of good quality proved satisfactory for 
the neonates. The recommendations were tested 
by examining each of the three phases separately. 


(1) Preparation of the equilibrating gas sample. 
In adults the rise in carbon dioxide concentra- 
tion in the bag was determined by analyzing 
15-m! samples aspirated into evacuated sampling 
tubes during an expiratory pause. In children and 
neonates the removal of such relatively large 
samples would have affected the results. Re- 
breathing was therefore stopped after 15 seconds 


Rebreathing 


Equilibrations 


Subjects Bag size Tidal volume Frequency Duration Duration Ist Duration 2nd 

Adults 2 1. 500 ml 20/min 90 sec 21 sec 42 sec 

Children 

6-12 vrs. 500 ml 250 ml 30/min 75 sec 16 sec 32 sec 
100 ml 40 ml 60/ min 60 sec 10 sec 20 sec 


Neonates 


aa 
4 
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and the bag gas analyzed. The bag was flushed 
and refilled with oxygen and another analysis 
made after 30 seconds rebreathing. The patient 
was reconnected to the respirator for a period 
of 5 minutes while each analysis was proceeding. 
Further samples were obtained in this manner 
until the desired curve had been completed. 
Results. Thirty-two curves were obtained from 
six adults, three children and twelve neonates. 
The neonates were between five days and one 
month old. The rise of carbon dioxide concen- 
tration in samples taken from the bag is plotted 
in figures 2 and 3. The initial rise in carbon 
dioxide concentration is rapid; the curve then 
flattens out when equilibrium with mixed venous 
blood is achieved. But recirculation is now 
occurring. The slope of the more horizontal 
portion of the curve is therefore representative 
of the rate of carbon dioxide production by the 
body. The mean rise (calculated over the period 
90-120 seconds from twelve neonate curves and 
75-135 seconds in the six adult curves) was 9.7 
mm Hg/min in neonates (S.D. 2.22 mm Hg) 


4 


Fic. 2? 
Rise in carbon dioxide percentage in a bag filled 
with 2 |. of 100 per cent oxygen during initial re- 


breathing period. Apnoeic adults. Tidal volume 
approximately S00 ml. Respiration rate 20/min 
Ordinate—per cent carbon dioxide 


Abscissa—-time in seconds 
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and 8.3 mm Hg/min in adults (S.D. 2.35 mm 
Hg). 


(2) The rate of return to the pre-existing 


PVco, level after preparation of the equili- 
brating gas. 

Previous unpublished observations on apnoeic 
adult patients suggested that the PVoo, would 
return to the level existing before rebreathing 
within 2 minutes. To confirm this in the neonate 
(when no fast analyzer was available) it was neces- 
sary to use a rather cumbersome technique 

The Pv.o, was first determined as described 
in section 3, using a second equilibration to check 
the completeness of the first. Several 100-ml 
balloons were then filled from a large bag con- 
taining a carbon dioxide and oxygen mixture 
having a Pco, within 10 mm Hg of this value. 
A 60-seconds period of rebreathing using a fresh 
balloon filled with oxygen was then performed. 
At minute intervals after the patient had been 
reconnected to the respirator one of the prepared 
balloons was connected to the patient for a period 
of 10 seconds and an equilibration performed. 
subsequent analysis of the balloons in three ex- 
periments (fig. 4) suggested that the original level 
of Pv.., had been reached within 3 minutes of 
discontinuing the period of rebreathing. 


(3) The time required to reach final equilibrium. 

The duration of equilibration is governed by 
the occurrence of recirculation of the major 
portion of the blood. In the resting adult the 
lung-to-lung circulation time is approximately 21 
seconds (Best and Taylor, 1955). In the neonate 
and infant (Hubbard, Preston and Ross, 1942) 
it appears that this time may vary from 3 to 12 
seconds depending on the age. Intermediate 
values of 5 to 17 seconds are suggested by Hub- 
bard for children from 2 to 12 years. 

The attainment of equilibrium was tested in 
two ways: 

(1) The percentage carbon dioxide in the bag 
at the end of the first equilibration was compared 
with that obtaining after the bag had been 
reapplied for a similar period of time. 

(2) A similar set of experiments was performed 
using a second period of equilibration which was 
twice as long as the first. The rise in Peco, 
resulting from this extended period of equilibra- 
tion should be no more than 4 mm Hg. A rise 
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REBREATHING TECHNIQUE FOR DETERMINATION OF ARTERIAL Pco, 


CO, 
9 


30 45 


60 7s 
SECONDS 


0S 135 Iso 


90 


Fic. 3 
Rise in carbon dioxide percentage in a bag filled with 100 ml of 100 per cent 
oxygen during initial rebreathing period. Apnocic neonates. Tidal volume approxi- 
mately 40 ml. Respiration rate 60 per minute. 


Ordinate—per cent carbon dioxide. 


greater than this would indicate incomplete 
equilibration during the first period. In both sets 
of experiments a fall in Pco, would suggest that 
the initial Pco, of the equilibrating gas mixture 
was too high. 

Results. (1) These are shown in figure 5, C-B. 
The mean of the differences in adults was 0.10 
per cent carbon dioxide, $.D. 0.25 per cent 
carbon dioxide, whilst in neonates the corres- 
ponding figures were 0.009 per cent carbon 
dioxide, S.D. 0.14 per cent carbon dioxide. 

(2) Figure 5 C’-B. The mean of the differences 
was 0.02 per cent carbon dioxide, $.D. 0.02 per 
cent carbon dioxide in neonates and 0.07 per cent 
carbon dioxide, $.D. 0.03 per cent carbon dioxide 
in adults. It is apparent that equilibrium had been 
reached by the end of the first period in the 
majority of instances. 


Abscissa-—time in seconds. 


CONCLUSIONS 


From these results, it is concluded that this 
method can be successfully applied to the 
apnocic patient. It can also be used in the anaes- 
thetized patient if suitable methods are employed 
for the estimation of carbon dioxide in the 
presence of anaesthetic agents (Nunn, 1958). The 
advantages of cheapness, simplicity and speed 
will, however, be nullified if the method is not 
used with intelligence. In the present state of our 
knowledge, it would seem that failure to reach 
equilibrium is the most likely cause of inaccuracy. 
It is also conceivable that a false plateau may 
occur if the initial Pco, of the rebreathed gas is 
too high. Both of these occurrences can be de- 
tected by repeating the equilibration for double 
the previous period. Recirculation will cause a 
small rise in the Pco, in the bag during the 
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TIME (min. ) 
Fic. 4 
To show the rate at which the PVcos returns to normal 


when the patient is reconnected to the respirator after 
a period of 60 seconds rebreathing. Observations on 


three neonates. 
Ordinate—mm Hg Pco, above original Pv,o,. 
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extended period of equilibration but this is un- 
likely to be more than 3-4 mm Hg. 

If the Pco, at the conclusion of the second 
equilibration period is more than 5 mm Hg above 
that obtained during the first equilibration the 
whole experiment should be repeated using a 
longer initial period of rebreathing or a smaller 
initial bag volume. The reverse applies if the 
second Pco, is smaller than the first. Even when 
such repetition is necessary the final value will 
still be obtained more quickly than the result of 
an arterial blood gas analysis. 

Final assessment of the method can only be 
made by comparing the results with direct deter- 
minations of arterial Pco, in a large number of 
cases with lung abnormalities. Such a study is 
in progress and will be reported at a later date. 


SUMMARY 


A modified rebreathing technique is described 
for the determination of the Paco, in the apnoeic 
patient. Providing suitable adjustments are made, 
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The attainment of final equilibrium. Analysis of bag gas for percentage 


carbon dioxide. 


A—at the end of the period of rebreathing. 
B—at the end of the first period of equilibration 

(neonates 10 seconds, adults 2] seconds). 
C—at the end of the second period of equilibration 

(neonates 10 seconds, adults 21 seconds). 
C’—at the end of the second period of equilibration 

(neonates 20 seconds, adults 42 seconds). 
The first column (B-A) shows the fall in per cent carbon dioxide during 
the first equilibration. The second column (C-B) represents the difference 
between two equilibrations of equal duration. The third column (C’-B) 
represents the difference between two equilibrations, the second being twice 


as long as the first. 
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the method appears to give satisfactory results 
in neonates, children and adults. 
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BOOK REVIEW continued from page 255 


German surgeon’s autobiography. Here is the 
quotation: “The operation (for a lung condition) 
was proceeding normally when through a cause 
we were never able to ascertain, the glowing 
cautery set light to the ether vapour used as an 
anaesthetic. The violent explosion which followed 
was repeated almost immediately as an oxygen 
cylinder blew up. The patient was killed on the 
spot, the sister and the assistant were injured and 
I lost an eardrum.” And like King Gama he 
couldn’t think why. 

But “Are we wiser better grown”? Anaesthetists 
have visualized putting us into cold storage and 
waking us up in a hundred years. What may we 
find if the experiment is successful? One of the 
forecasts predicts a European uninhabited and un- 
inhabitable by reason of the fall-out from 
H-bombs. Our politicians are talking about dis- 
armament, but what are they doing? Making 
bigger and better H-bombs, “Blue Streaks”, 


“Black Knights”, and many other ingeniously 
efficient means of destroying us and they call it a 
method of defence, which it is not, instead of a 
means of destruction, which it is. This piece of 
stupidity unless countered will have disastrous 
consequences which exceed those of the German 
surgeon’s story as millions exceed units. 

“The seven foundation stones in order of 
merit.” Is this a task for God or man? Some 
readers will no doubt be interested in the order 
of merit according to Dr. Sykes; well here it is. 

Rather much space is perhaps given to “The 
Scottish chloroform legend”, of more interest to 
the student of human nature than to the modern 
anaesthetist unless perchance he is both, which 
we will hope he is. 

This is a very interesting book which shows 
the author to be one with an infinite capacity for 


taking pains. 
E. Falkner Hill 
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HALOTHANE AND CIRCULATORY OCCLUSION: SOME EXPERIMENTAL 
AND CLINICAL OBSERVATIONS 


BY 


G. R. Stirtinc,* K. N. Morris,” R. H. Orton, W. C. Boake,t 
D. R. Race,t Fay Kinross, J. W. THomson,§ anp W. Crossy 


Alfred Hospital and Baker Medical Research Institute, Melbourne, Australia 


THREE aspects of halothane anaesthesia form the 
basis for this presentation and are discussed 
separately. The first phenomenon is a fall in 
blood pressure. Hypotension is not marked in 
light halothane anaesthesia but as the concen- 
tration of halothane is increased more severe 
hypotension develops. In the opinion of some 
this results primarily from a direct depression of 
cardiac activity (Severinghaus and Cullen, 1958). 
Secondly, halothane has the reputation of reduc- 
ing cardiac irritability although there have been 
reports of disturbances of cardiac rhythm during 
its administration (Chang, Macartney and Graves, 
1957). Thirdly, the administration of halothane 
is associated with a reduction in the body oxygen 
consumption (Severinghaus and Cullen, 1958). 

Reduction in cardiac output and in body 
oxygen consumption are properties which are 
common to a number of anaesthetic agents and 
narcotics (Price and Helrich, 1955). It is probable 
that much of this reduction is due to the decrease 
in muscular and respiratory work associated with 
anaesthesia. The observations on reduced oxygen 
consumption during halothane anaesthesia 
prompted us to undertake this work. 

The tolerance of an animal to complete circu- 
latory interruption produced by occlusion of 
both venae cavae is limited by its continuing 
metabolism, particularly that of the heart and 
brain. Using standard anaesthetic techniques 
periods of up to 3 minutes of circulatory occlu- 
sion have been used to permit open cardiac 
operations (Varco, 1957; Lam, 1957; Bjork, 


* This work was carried out during the tenure of a 
research grant from the Life Insurance Medical 
Research Fund of Australia and New Zealand. 

t Alfred Hospital Clinical Research Fellow. 

t S. W. Jones Medical Research Foundation Scholar. 
§ Edward Wilson Memorial Fellow 


1957). This period may be safely extended by 
depression of the rate of metabolism with hypo- 
thermia and considerable experience with this 
technique has shown that a period of 8 minutes 
of circulatory occlusion at 30°C is well tolerated. 

A previous communication from this centre 
(Orton and Morris, 1959) discussed a possible 
alternative method of prolonging the safe period 
of circulatory occlusion and presented the early 
results of the clinical application of deep halo- 
thane anaesthesia to open cardiac surgery using 
inflow occlusion at normal body temperature. 
This work was based on experimental and clinical 
observations which suggested that halothane 
administration was accompanied by a profound 
reduction in body oxygen consumption. 

Claims have been made that at least two other 
factors are of importance in conferring protection 
on an animal submitted to circulatory occlusion. 
The first arose from the work of Crowell, Sharpe, 
Lambright and Read (1955) from which it was 
concluded that the administration of heparin to 
dogs before a period of circulatory arrest would 
enhance their chances of survival. This conclusion 
was questioned by Read, Lillehei and Varco 
(1956) who also pointed out that the incidence 
of survival and of neurological damage after 
circulatory occlusion are favourably influenced if 
the circulation is promptly re-established by 
vigorous cardiac massage. This would seem self- 
evident as it results in a total period of ischae- 
mia which is usually much less than that which 
follows occlusion when massage is not used. 

Our investigations are presented in some detail 
because they have led to a modification of the 
opinions expressed by some of us in a former 
publication and because our results differ from 
those obtained by Read, Lillehei and Varco 
(1956). 
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HALOTHANE AND CIRCULATORY OCCLUSION 


I. FACTORS AFFECTING TOLERANCE TO 
CIRCULATORY OCCLUSION 


Method 

Eighty dogs, weighing from 5 to 25 kg were used 
in this study. Premedication always involved the 
use of atropine sulphate (0.6 mg). Morphine 
sulphate was added in some experiments in a 
dose of 1 to 2 mg/kg body weight and, in other 
experiments, in a dose of 4 mg/kg body weight. 
Anaesthesia was induced with 2.5 per cent thio- 
pentone, an endotracheal tube was passed and 
anaesthesia was continued with nitrous oxide and 
oxygen, in equal amounts, using controlled 
respiration and a standard soda-lime canister. 
Occasional small supplements of thiopentone 
were needed in most experiments. A right thora- 
cotomy was carried out by resecting the fifth rib. 
The azygos vein was ligated and tapes were 
passed around the superior and inferior venae 
cavae and threaded through rubber tubes. The 
pericardium was widely opened. In some experi- 
ments heparin was administered by intravenous 
injection in a dose of 2 mg/kg body weight or 
10 mg/kg body weight 10 minutes before venous 
occlusion was commenced. 

Venous inflow occlusion was effected by trac- 
tion on the caval tapes. The periods of occlusion 
varied from 4 to 15 minutes: during this period 
the respirator was disconnected from the endo- 
tracheal tube. At the end of the period of 
occlusion the respirator was reconnected, the 
caval tapes were slowly released and, if there was 
not a prompt rise in arterial blood pressure, 
cardiac massage was begun. If the tone of the 
heart muscle was poor after 1 minute of cardiac 
massage 1 ml of 1 in 20,000 adrenaline was 
injected into the right atrium. In many cases 
ventricular fibrillation occurred and electrical 
defibrillation was necessary. If heparin had been 
given, protamine sulphate was given to counter- 
act heparin activity, the dose being twice that of 
heparin. 

In some experiments halothane was adminis- 
tered through a vaporiser,” in high concentration 
up to 4.5 per cent, for 15 to 20 minutes before 
the cavae were occluded, and this resulted in a 
fall in arterial blood pressure. When this reached 
50 mm Hg halothane was discontinued and 


* British Oxygen Co. “Fluothane” vaporizer. 
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venous occlusion was commenced. Halothane was 
occasionally reintroduced after release of occlu- 
sion to lessen hypertension and tachycardia if 
these developed. 

When the circulation had been satisfactorily 
re-established the chest wound was closed with a 
drain tube connected to a water seal drainage 
bottle. Continuous observations of the arterial 
blood pressure, the electrocardiogram and, 
occasionally the electroencephalogram were made 
throughout the experiment. 

The 10 dogs submitted to occlusion during 
hypothermia were anaesthetized with intravenous 
pentobarbitone in sufficient dosage to control 
shivering while they were cooled down to an 
oesophageal temperature between 26.5°C and 
30°C by the application of crushed ice in plastic 
bags. Rewarming was accomplished by the use 
of a standard laboratory table heater. In 5 dogs an 
atriotomy was made during the period of circu- 
latory occlusion. 


Criteria of Evaluation 

(1) If the animal survived the procedure and 
continued in apparent good health without evi- 
dence of cerebral damage it was regarded as 
having tolerated the period of circulatory occlu- 
sion. This is indicated in the accompanying 
diagram (fig. 1) by an open rectangle placed 
above the base line. 

(2) If the animal died after the procedure, or, 
if it survived and manifested any signs of severe 
or permanent neurological damage, then it was 
regarded as having not tolerated the procedure. 
These dogs were usually sacrificed during the 
first 3 days for humanitarian reasons. Both results 
are represented by a rectangle below the base line. 
The letters “N” and “C” respectively indicate 
that the dog survived for a time with evidence 
of neurological damage or that the dog succumbed 
from circulatory failure. Neurological damage 
was assessed clinically from evidence of blind- 
ness, ataxia, spasticity or even coma. 

Results and Conclusions 
A. Control study (fig. 1). 

Group 1a. Of 7 dogs submitted to 4 minutes 
of circulatory occlusion without any premedica- 
tion other than atropine 5 survived the pro- 
cedure without evidence of neurological damage. 
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SURVIVAL AFTER CIRCULATORY OCCLUSION. 


1. No drugs. 


[TTT TIN IN 
CIC] NIN} 


l.a.. 4min 1.b.. min 
2. Heparin. 


[N 
[c[NININ] LNININININ | 


2.0..8min M.2,H.2. 2.b.8 min M2,H.10.. 
3.Morphine. 


3.0.8min M.4.(sc).  3b.8min M.4.(8c),H.2. 3c. 8mir M4CWH.2. 


4. Halothane. 


CIN 


40.6min M2.H2. 4b8min M2.H.2. 4c.)Omin M2.H2. 4¢.15min M2H2. 


[NIN [NIN] 


4b’ 8min M4H2. 4c’ lOmin M2.H.10.. 
5.Hypothermio. -30°C.. 


[TT] 
5a. lOmin 5b lOmin atriotomy. 


Fic. 
Schematic representation of occlusion experiments, Rectangles above the base line represent 
dogs who survived occlusion without evidence of neurological damage, The rectangles below 
the line represent dogs who died or were sacrificed because of severe neurological damage 
(N), or circulatory failure (C). M«morphine sulphate; H=heparin, The figures adjacent to 
these symbols refer to the dose of the drug in mg/kg body weight. 
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HALOTHANE AND CIRCULATORY OCCLUSION 


One dog was still blind after 3 weeks 
and was destroyed and another had impaired 
vision which recovered after a few days. There 
was no difficulty in cardiac resuscitation in any 
of these dogs. 

Group 1b. Five dogs were submitted to 6 
minutes of circulatory occlusion under similar 
conditions to those in group la. Of these, 1 
survived with transient slight neurological 
damage, 2 survived with severe damage, and were 
destroyed, and 2 died of circulatory failure. 

It is clear that even 4 minutes of circulatory 
occlusion is not tolerated by all dogs who are not 
protected by special techniques and that after 6 
minutes of occlusion the incidence of severe 
damage is high. 


B. Effect of heparin (fig. 1). 

Ten dogs were submitted to periods of 8 
minutes of circulatory occlusion using morphine 
sulphate (1 to 2 mg/kg body weight) premedi- 
cation. Five of these (group 2a) were given 
heparin in a dose of 2 mg/kg body weight whilst 
the rest (group 2b) were given heparin in a dose 
of 10 mg/kg body weight, None of these 10 dogs 
survived without stigmata of neurological damage. 
This series of experiments was prompted by the 
observations of Crowell, Sharpe, Lambright and 
Read (1955) which led them to consider that 
heparin would protect an animal under the con- 
ditions of circulatory arrest. We cannot support 
this view and would agree with the conclusions 
of Read, Lillehei and Varco (1956) that heparin 
has no significant protective effect. Read, Lillehei 
and Varco also state that “interference with the 
circulation for 8 minutes resulted in 1 out of 
18 dogs showing persistent brain damage”; it is 
clear that our results are in marked contrast to 
theirs. 

We consider that a possible factor of signifi- 
cance was the high dose of morphine sulphate 
(4 mg/kg body weight) used by Read and his 
colleagues in their experiments. 


C. Effect of morphine sulphate (fig. 1). 

Group 3a. Eight dogs failed to recover com- 
pletely from 8 minutes of circulatory occlusion 
when morphine sulphate was administered sub- 
cutancously as pre-anaesthetic medication in a 
dose of 4 mg/kg body weight. 
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Group 3b. One dog, of a group of 5, survived 
8 minutes of circulatory occlusion after pre- 
anaesthetic medication with morphine sulphate 
(4 mg/kg body weight) and the administration 
of heparin (2 mg/kg body weight). 

Group 3c. Five dogs were given an intravenous 
injection of morphine sulphate (4 mg/kg body 
weight) 5 minutes before they were submitted to 
8 minutes of circulatory occlusion. In all a pro- 
found hypotension resulted and, although they all 
survived the procedure, all manifested severe signs 
of neurological damage. 

We were therefore unable to reproduce the 
results of Read, Lillehei and Varco, and were 
unable to demonstrate that morphine sulphate 
conferred significant protection on dogs sub- 
mitted to 8 minutes of circulatory occlusion. 

D. Effect of halothane. 

Orton and Morris (1959), on the basis of 
certain theoretical considerations and a small 
laboratory experience, suggested that halothane, 
by reducing the metabolic rate, might protect 
animals from damage during circulatory occlu- 
sion. The results of thirty experiments in which 
the halothane-heparin technique has been used 
are presented in figure 1. 

In these experiments, except where indicated, 
the dogs received pre-anaesthetic medication 
with morphine sulphate (1 to 2 mg/kg body 
weight) and were given heparin (2 mg/kg body 
weight) 10 minutes before venous occlusion for 
periods of 6, 8, 10 and 15 minutes (groups 4a, 
4b, 4c, 4d). 

Certain observations of interest were made 
during these experiments, Spontaneous ventricu- 
lar fibrillation was encountered on only two 
occasions. The general pattern was that after 6 
to 10 minutes of occlusion the heart rate slowed 
markedly and finally atrioventricular dissociation 
occurred. In 3 of 5 dogs occluded for 15 minutes 
(group 4d) asystole occurred after 11 to 12 
minutes. 

Cardiac resuscitation was usually possible but 
most of the surviving dogs showed evidence of 
severe neurological damage and were destroyed. 
As can be seen from the figure there were isolated 
survivors, without evidence of neurological 
damage after periods of occlusion of 6, 8, 10 and 
15 minutes. Unfortunately these occurred pre- 
ponderantly in our early laboratory experience. 
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If groups 4b and 4c are studied it is clear that 
increasing the morphine dosage to 4 mg/kg body 
weight or the heparin dosage to 10 mg/kg body 
weight made no significant difference to these 
results. 

Finally it should be clearly stated that the 
halothane-heparin technique does not confer 
sufficient protection to make occlusion of the 
dog’s circulation for 6 minutes a safe procedure. 


E. Effect of hypothermia. 

The tolerance of experimental animals to 
circulatory occlusion under conditions of hypo- 
thermia is far better documented than is the 
tolerance of the same animals to occlusion at 
normal temperatures. We do not wish to add to 
this already voluminous literature. 

In cur laborawry occlusion of the dog’s cir- 
culation for 10 minutes at 26.5°C to 30°C was 
well tolerated by 5 dogs (group 5a) and 4 of 5 
dogs who were occluded for 10 minutes, during 
which time an atriotomy was performed, also 
survived (group Sb). 


Clinical Experiences 
of the first 14 patients 


The technique and result 
ithane-reparin technique 


operated on with the hal 
were reported by Orton and Morris (1959). 
Twenty-eight patients have now undergone direct 
vision open heart surgery \sing this technique. 
Valvular pulmonary ster 

In 11 cases of pure val) 
there have been no dea 
culatory occlusion have 
sec to 2 min 40 sec. 

In one case of pulmo: 
with hypoplasia of the rizh ntricle and atrial 
septal defect death occurre: idenly 18 hours 
after operation. The pulmona:) stenosis had been 
inadequately relieved and the a:rial septal defect 
had been completely closed. Thus patient had his 
circulation occluded for 5 min 15 sec. He 
demonstrated no clinical or pathological stigmata 
of neurological damage. 


Aortic stenosis. 

Thirteen cases of aortic stenosis 
submitted to open operation us: 
The periods of occlusion ranged between 1 min 
45 sec and 3 min 15 sec. Three children with 
congenital aortic stenosis have already been cited 


nulmonary stenosis 
The times of cir- 
{ from 1 min 45 


renosis associated 


have been 
technique. 
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by Orton and Morris (1959). The remaining 10 
cases have been adults with calcified aortic 
stenosis. There have been 3 deaths in this group. 
We have attributed death to inadequate relief of 
the aortic stenosis in 2 of these cases and to the 
creation of aortic incompetence in the third. 
Nicks of Sydney (1959) has reported successful 
results in operations on 13 of 14 cases of aortic 
stenosis 


Atrial septal defect. 

Three cases of atrial septal defect have been 
submitted to operation using the halothane- 
heparin technique. Two of these have been 
described in detail in an earlier publication. 
Our experience with the third case detailed below 
has caused us to reverse the opinion expressed by 
Orton and Morris (1959)—“it is considered that, 
under these circumstances, periods of circulatory 
arrest of at least 5 minutes, and probably longer, 
can be achieved with safety.” 

J.B., a 17-year-old girl had the gr features of 
an atrial septal defect with a large left to right shunt. 
This was confirmed by cardiac catheterization. She 
was submitted to open operation for closure of the 
atrial septal defect using the halothane-heparin 
technique during which her circulation was occluded 
for § min 15 sec. A typical foramen ovale type of 
defect was found and closed by direct suture. The 
operation was uneventful but on recovery from the 
anaesthetic the patient manifested signs of cerebral 
irritation which persisted for 12 hours. She then made 
a prompt and complete recovery from this episode 
and left hospital 3 weeks later with no evidence of 
neurological damage and with signs suggesting that 
her atrial septal defect was completely closed. 
Despite the successful end result we feel that this 
experience was a salutary indication that, under these 
circumstances, 5 minutes must be regarded as the 
upper limit of tolerance to circulatory occlusion in 
the normothermic human subject. 


Il. THE CIRCULATORY EFFECTS OF HALOTHANE 


The administration of moderate to high concen- 
trations of halothane to man or dog is accom- 
panied by a progressive fall in systemic arterial 
blood pressure. Two series of experiments were 
carried out in order to determine whether this 
hypotension resulted from cardiac depression or 
from peripheral vasodilatation or both. 


Right Ventricular Performance During the 
Administration of Halothane 
Method. 
Six dogs, the weights of which ranged from 
15 to 20 kg, were used in this study. Premedica- 
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HALOTHANE AND CIRCULATORY OCCLUSION 


RESERVOR. 


Fis. 2 


Experimental arrangement used for study of right ventricular function. 
Venous blood siphoned from both venae cavae (S.V.C., LV.C.) drains into 
a reservoir which is emptied at a series of known rates of flow by a pump 
which returns the blood to the right atrium (R.A.) through a cannula 
introduced through the azygos vein (Az.V). Pressures are continuously 


tion consisted of morphine sulphate (1 mg/kg 
body weight) and atropine sulphate (0.6 mg). 
Anaesthesia was induced with thiopentone and 
continued using nitrous oxide and oxygen in equal 
amounts with constant volume positive pressure 
ventilation through an endotracheal tube. Small 
supplements of thiopentone were used during 
the course of the experiment. The right pleural 
cavity was opened by excising the fifth rib. The 
azygos vein was then dissected free and tapes 
were passed around the superior and inferior 
venae cavae. The pericardium was widely opened 
and two wide-bore cannulae were introduced 
through the atrial appendage. These were guided 
into the superior and inferior venae cavae 
respectively whilst a third shorter cannula was 
introduced through the azygos vein and directed 
into the cavity of the right atrium (fig. 2). The two 
caval cannulae were used to siphon the returning 


recorded from the right atrium and the pulmonary artery (P.A.). 


venous blood to a reservoir which, in turn, was 
emptied by a pump which propelled the blood 
through the inflow cannula back into the right 
atrium. When the tapes around the cavae were 
tightened snugly around the cannulae the whole 
of the venous return to the heart, with the 
exception of the coronary return, was forced to 
traverse this extracorporeal circuit. Before each 
experiment the pump* was carefully calibrated 
to produce a series of known rates of flow which 
ranged from 40 ml/kg/min to 200 ml/kg/min. 
It has been found that these flows are repro- 
ducible with an error of less than 5 per cent. In 
other words, a preparation was constructed which 
enabled the operator to present the intact dog’s 
heart with a graded series of known rates of 


*Sigmamotor T.6S. Sigma Motor Inc., Middleport, 
New York. 
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cardiac inflow. Fine polyethylene catheters were 
introduced into the right atrium, the pulmonary 
artery and the aorta and these were connected to 
Cambridge electromanometers. Full pulse trac- 
ings and electronically integrated mean pressures 
were continuously monitored and recorded whilst 
the rate of cardiac inflow was changed by 
adjustment of the pump to a series of predeter- 
mined rates. The pressure readings used in the 
calculations were those obtained after the system 
had reached equilibrium following a change in 
flow rate. This was evidenced by stable pressures 
and a constant volume in the venous reservoir. 
In most experiments equilibrium was reached 
2 minutes after a change in rate of inflow. Care 
was taken to ensure that tricuspid regurgitation 
was not present by constant reference to a fast 
pulse tracing. The pressure responses to at least 
five different rates of inflow were used to con- 
struct a “control” right ventricular function 
curve. 

At this stage the preparation was maintained 
at a constant flow rate and a halothane vaporizer* 
was fitted into the anaesthetic circuit so that con- 
centrations of 0.5 to 2.5 per cent halothane could 
be added to the nitrous oxide and oxygen mixture. 
After 15 minutes of halothane administration a 
stable situation was reached and a further series 
of pressures was recorded in response to the same 
graded series of rates of cardiac inflow. From 
these data a second right ventricular function 
curve was constructed and compared with the 
control curve. 

Right ventricular minute work was calculated 
from the following formula: 


(P.P.A. P.R.A.)F 
where W min=minute-work of right ventricle 
(gram-metres) 
P.P.A.=mean pulmonary artery pres- 
sure (cm water 
P.R.A.=mean right atrial pressure (cm 
water 
F =minute volume (ml) 
It should be noted that the coronary venous 
return to the right atrium has not been in- 


W min = 


* British Oxygen Company “Fluothane” Vaporizer 
The authors do not wish to infer that the concentra- 
tions referred to in this text are absolutely accurate 
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cluded in the minute volume, nor has the acclera- 
tion component of right ventricular work been 
included in the calculations (Sarnoff and Berg- 
lund, 1954). 


Results. 

The results of these experiments are presented 
as right ventricular function curves which relate 
the minute work of the right ventricle to its 
filling pressure or mean atrial pressure. The 
normal curve is found to be almost a straight line 
with a steep gradient (Stirling, Stanley and 
Lillehei, 1957). Impairment of right ventricular 
function is indicated by a shift of the curve to 
the right and by a flattening of the curve at higher 
right atrial pressures. Consistent results were 
obtained in all six experiments and two examples 
of these are illustrated in figure 3. In all cases the 
administration of halothane resulted in an im- 
pairment of right ventricular function. The 
degree of impairment was proportional to the 
concentration of halothane in. the ventilating 
gases. When concentrations of greater than 1.5 
per cent were used the impairment of ventricu- 
lar function was severe. 


The Effects of Halothane Admimstration on the 
Peripheral Circulation. 

Awareness of the depressant effect of halothane 

on ventricular performance prompted us to design 

experiments in which the cardiac and peripheral 

actions of halothane could be divorced. 


Method. 

In a series of three experiments the preparation 
already described for the study of right ventri- 
cular function was used to submit a dog to a 
constant rate of cardiac inflow (100 ml/kg/min). 

Mean pressures in the aorta, pulmonary artery 
and right atrium were continuously recorded. 
After a period of 15 minutes, during which the 
dog was ventilated with nitrous oxide and oxygen 
in equal proportions, halothane was introduced 
into the gas mixture and its concentration rapidly 
increased to 2 per cent. A steadily progressing 
fall in mean aortic pressure was observed and 
this was accompanied by a progressive rise in the 
mean pressures in the pulmonary artery and right 
atrium. The results of one of these experiments 
are illustrated in figure 4. It is assumed, but not 
established, that the cardiac output was main- 
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HALOTHANE AND CIRCULATORY OCCLUSION 


HALOTHANE - RIGHT VENTRICULAR FUNCTION. 


x3 
control comrol. 


Min.-work 
right ventricle 
(gm-m.). 400) 


i L i. 
5 1O 5 
Mean pressure right atrium (cm. water). 


15 


Fic. 3 
Right ventricular function curves obtained during the administration of 
halothane in concentrations of approximately 1 per cent (left) and 2 per 
cent (right). Both curves, when compared with their respective control 
curves show significant impairment of ventricular function. 


EFFECT OF HALOTHANE -CONSTANT CARDIAC INFLOW. 


tlow=100 mi/kg/min.. 
—_——halothane 2 


80r 


60) 
Meon 
pressure 
mm. mercury 


40 


° 


e 


5 


Time in minutes. 

Fic. 4 

Changes in pressure recorded in the femoral artery (F.A.), pulmonary artery 
(P.A.) and right atrium (R.A.) before and during the administration of 2 
per cent halothane to a dog with a fixed rate of cardiac inflow of 100 mi/kg 

body weight/min. 
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tained constant during this experiment and there- 
fore that the changes in aortic pressure reflect a 
progressive fall in systemic vascular resistance. 

In another series of experiments involving 5 
animals total cardiopulmonary bypass was estab- 
lished in the standard fashion using a rotating 
disc type of oxygenator* and sigmamotor pumps. 
The perfusion rate for each dog was kept con- 
stant throughout the experiment but the rates of 
flow used in the five experiments varied from 
50 to 108 ml/kg body weight/min. The venti- 
lating gas in the oxygenator consisted of 95 per 
cent oxygen and 5 per cent carbon dioxide and 
was delivered at a rate of 10 1./min. A halothane 
vaporizer was inserted in the gas line to the 
oxygenator but halothane was not administered 
until the animal had been on bypass for 15 to 
20 minutes and had been in a stable state for at 
least 10 minutes. 

Commonly the aortic pressure and the volume 
in the extracorporeal circuit stabilized after 5 to 
8 minutes. During this stable period samples of 
arterial and venous blood were taken from the 
lines of the oxygenator for determination of 
oxygen content by the method of Peters and Van 
Slyke. 

Halothane was then introduced with the 
ventilating gases into the cylinder of the oxy- 
genator and serial measurements of the aortic 
blood pressure and the volume in the extracor- 
poreal circuit were made. After a period of 15 
to 20 minutes of halothane administration 
further blood samples were taken for oxygen 
determination. Halothane was then discontinued 
and after a further 20 minutes further blood 
samples were taken. 


Results 

In all experiments the administration of halo- 
thane resulted in a progressive fall in aortic 
pressure and a progressive fall in the volume of 
blood in the extracorporeal circuit. The signifi- 
cance of the former observation is that halothane 
caused a fall in systemic vascular resistance; the 
latter observation indicates that the volume of 
blood in the dog increased during halothane 
administration but gives no indication of the 
distribution of the blood in the animal. When 


* Kay-Cross Pemco Inc.. Cleveland, 


Ohio. 


oxygenator 
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halothane was discontinued these parameters 
returned to the control levels in a period of 10 
to 15 minutes. Figure 5 is an illustration of the 
blood pressure changes in a typical experiment. 

It was concluded from these experiments that 
halothane, when administered in high concen- 
tration, produces a profound depression of 
ventricular function and also a profound reduc- 
tion in systemic vascular resistance. 


Ill. THE EFFECT OF HALOTHANE ON THE OXYGEN 
CONSUMPTION OF THE DOG DURING TOTAL 
CARDIOPULMONARY BYPASS 


Severinghaus and Cullen (1958) observed that the 
induction and maintenance of anaesthesia with 
halothane in human subjects was accompanied 
by a reduction in total body oxygen consumption. 
The factors responsible for this are many and 
include reduced respiratory, muscular and car- 
diac activity. To exclude these variables, in an 
attempt to determine the effect of halothane on 
the rate of metabolism of the body tissues in 
general, a series of five experiments was under- 
taken in which the total body oxygen consump- 
tion of the dog, under the circumstances of total 
cardiopulmonary bypass, was determined before, 
during and after the addition of halothane to the 
ventilating gases of the oxygenator. The experi- 
mental method has already been described in 
the previous section. 

The oxygen consumption of an animal during 
bypass is influenced by a number of factors. 
Two of these, blood flow rate and temperature, 
were carefully controlled during these experi- 
ments. Oxygen consumptions were calculated 
using the Fick principle; the flow rate was con- 
trolled at a known level and the arteriovenous 
oxygen differences were measured. The results 
are presented in table I. For purposes of com- 


TaBLe | 


Oxygen consumption 
ml. O,/kg body weight/min 


Expt Flow Before During After 
no mi /kg/min haloth haloth haloth 
283 50 3.6 3.3 3.2 
399 60 44 44 5.9 
295 65 44 6.0 5.9 
358 100 4.1 4.2 4.1 
367 108 6.5 6.1 > 
Mean 48 48 4.5 
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HALOTHANE AND CIRCULATORY OCCLUSION 


EFFECT OF HALOTHANE ON ARTERIAL PRESSURE. 
Cardio-pulmonary by-pass No mi/kg/min.. 


Meoh | 
Aortic P. 
mm.merc.. 
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10 20 30 


Time in minutes. 
Fic. § 


40 50 60 790 


Changes in aortic pressure of a dog on total cardiopulmonary bypass before, 
during and after the administration of 2 eo cent halothane, The perfusion 
was maintained at a constant level of | 


parison the results have been expressed in terms 
of millilitres of oxygen consumed per minute 
per kilogram of body weight. They reveal no 
consistent and significant effect of halothane 
administration on the oxygen consumption of the 
dog during cardiopulmonary bypass. 


DISCUSSION 


Unsupported circulatory occlusion is now an ¢s- 
tablished technique allowing direct vision intra- 
cardiac surgery. Curiously the limits of tolerance 
of both the experimental animal and the human 
subject to circulatory occlusion under the circum- 
stances of general hypothermia have been exten- 
sively investigated and well documented whilst 
tolerance at normal body temperature is less well 
defined. The basic hypothesis that the time of 
permissible circulatory occlusion is inversely 
proportional to the metabolic rate, is now fairly 
well established. Thus, while the limit of per- 
missible circulatory occlusion at a body tempera- 
ture of 38°C is probably about 4 minutes, 
lowering the temperature to 30°C allows this 
time to be doubled at least. At present the 
induction of general hypothermia seems to be the 
only practical technique whereby the resting 
metabolic rate of the anaesthetized subject may 


10 ml/kg body weight/ min. 


be significantly lowered. We must look to the 
researches of the biochemist and the pharmaco- 
logist for alternative methods of achieving this 
end. 

The attraction of techniques of venous inflow 
occlusion lies in their relative simplicity whilst 
their main disadvantage lies in the fact that the 
time of the intracardiac procedure is strictly 
limited. Their beneficial application to intra- 
cardiac surgery is dependent on the exhibition 
of sound surgical judgment based on experience 
which has been intelligently interpreted. 

We have found the clinical technique des- 
cribed by Orton and Morris (1959) to be satis- 
factory, enabling the surgeon to perform pul- 
monary or aortic valvotomy. Indeed three cases 
of atrial septal defect have been successfully 
managed by this technique although this is no 
longer recommended for the reasons already 
stated in detail. 

The factors in this success proved difficult to 
evaluate. We have demonstrated in the labora- 
tory animal that neither halothane nor heparin 
nor morphine has any marked effect in pro- 
longing the safe period of circulatory occlusion. 
Although halothane effects a reduction in total 
body oxygen consumption, it does not appear to 
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produce this by any specific action other than the 
reduction in cardiac, respiratory and muscular 
work which follows the induction of deep anaes- 
thesia. The attractive hypothesis of Crowell et al. 
(1955) that the damage incurred during circu- 
latory occlusion may result, in part, from intra- 
vascular thrombosis during circulatory stasis 
receives no support from our work although, on 
a priori grounds, it would seem reasonable to 
administer heparin before circulatory occlusion 
if this is not attended by any increased morbidity. 
Clearly an important factor in our success has 
been that human tolerance to circulatory occlu- 


sion at normal body temperature has been 
underrated. 
The hypotension which accompanies deep 


halothane anaesthesia has been of inestimable 
value during the performance of aortic valvo- 
tomy. The side excluding clamp is applied to 
a relatively flaccid aorta before valvotomy is 
carried out. After valvotomy, when the clamp 
is reapplied, the aortic blood pressure may be 
rapidly controlled by the exhibition of further 
halothane should hypertension develop following 
circulatory occlusion. We feel that this endows 
the technique with a considerable safety factor. 
Apart from these technical considerations it is 
possible that moderate hypotension immediately 
following circulatory occlusion is, in itself, bene- 
ficial in so far as the potential work load of the 
heart is reduced. 


SUMMARY 


Some of the factors affecting the tolerance of the 
dog to circulatory occlusion at normal tempera- 
ture have beeu studied. 

The limit of safe circulatory occlusion in the 
dog was found to be less than 4 minutes. 

The administration of morphine and of heparin 
did not significantly prolong the safe period of 
occlusion. 

The use of the halothane and heparin tech- 
nique did not significantly improve the results, 
although occasional survivals after periods of up 
to 15 minutes of occlusion were obtained. 

The hypotension of deep halothane anaesthesia 
has been analyzed. It was found that halothane 
produces a depression in ventricular function 
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and also results in a profound reduction in 
systemic vascular resistance. 

Halothane was found to have no significant 
effect on the oxygen consumption of the dog 
during total cardiopulmonary bypass. 

The use of circulatory occlusion for open 
heart surgery at normal body temperature is 
discussed in relation to a clinical experience with 
28 cases using the halothane-heparin technique. 
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A NOTE ON THE RESPIRATORY EFFECTS OF ANILERIDINE 
BY 


Mark SWERDLOW 
Salford Royal Hospital, Manchester, England 


ANILERIDINE dihydrochloride has been shown to 
be a useful analgesic agent for pre-operative 
medication (Dechene and Hebert, 1959), post- 
operative medication (Riffin et al., 1958; Dechene 
and Hebert, 1959) and for the supplementation 
of anaesthesia (Chang, Safar and Lasagna, 1958; 
Swerdlow, Brown and Tetlow, 1960). The present 
paper reports a small study of the effects of 
anileridine on respiration in anaesthetized sub- 
jects. The results are compared with those of an 
investigation of the respiratory effects of pethi- 
dine, carried out earlier under identical conditions 
(Swerdlow, 1957). The standard of equipotency 
adopted was that of Keats, Kurosu and Telford 
(1957), ic. 40 mg anileridine is equivalent to 
100 mg pethidine. As a dose of 0.6 mg/kg pethi- 
dine had been employed in the pethidine study 
(Swerdlow, 1957) the dose of anileridine used 
initially in the present work was therefore 0.24 


mg/kg. 


EXPERIMENTAL TECHNIQUE 


The experimental conditions employed have been 
described in detail elsewhere (Swerdlow, 1957, 
1959). Briefly, the premedicated patient was given 
8 mg/kg 5 per cent thiopentone sodium by intra- 
venous injection in 45 seconds, Nitrous oxide and 
oxygen were then administered and 5 minutes 
after the start of the thiopentone injection the res- 
piration rate and minute volume were measured. 


Percentage 


Taste 
Respiration rate 
change from control (means of individual deviations) 


At 6 minutes 0.24 mg/kg anileridine dihydrochlo- 
ride was injected intravenously in 15 seconds and 
the respiratory rate and minute volume were 
measured 3, 5, 7 and 9 minutes later (i.e. 9, 11, 
13 and 15 minutes after “zero”). Respiratory 
volume was measured with a Bennett ventilation 
meter inserted on the expiratory side of the 
circuit. All the patients were aged between 18 
and 60 years and were in good general condition. 

In view of the effects of this dose of anileridine 
a further group of 20 patients were given half the 
above dose of the narcotic (i.e. 0.12 mg/kg) under 
similar conditions and the same measurements 
were made. 


RESULTS 


Anileridine 0.24 mg/kg 


Of the 20 patients who were given 0.24 mg/kg 
anileridine, 7 developed apnoca which lasted from 
7 to 15 minutes. (During this period the respira- 
tions were assisted by gentle squeezing of the 
breathing bag.) None of the patients in the 
(earlier) pethidine series developed apnoea. The 
mean percentage changes in respiratory rate and 
volume are shown in tables I and II, together 
with the comparable figures for the pethidine 
series. It will be seen that this dose of anileridine 
produced significantly more depression of the 
respiration than 0.6 mg/kg pethidine. 


Drug 9 min 11 min 


Student's 
t 


13 min 15 min 


Pethidine — 48.0 $3.5 $3.3 — 520 
Anileridine 0.12 mg —418 —448 —45.1 —44,.3 2.5796 01<P<0.02 
Anileridine 0.24 mg —74.3 —75.4 — 76.7 —73.5 6.8463 P<0.001 
Anileridine 0.24 mg 

(excluding apnocic cases) —62.4 —64.1 —61.9 — 60.2 3.5857 P<0.001 
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A NOTE ON THE RESPIRATORY EFFECTS OF ANILERIDINE 


Taste Il 
Minute volume 
Percentage change from contro] (means of individual deviations) 


Drug 9 min 11 min 


13 min 15 min 


Student's 
t 


Pethidine 

Anileridine 0.12 mg 
Anileridine 0.24 mg 
Anileridine 0.24 mg 
(excluding apnoeic cases) 


—43.4 
—34.5 
— 74.0 


—619 


—46.2 
—324 
—69.0 


—54.7 


— 39.5 
— 28.3 
— 67.6 


—46.9 


—33.5 
—22.0 
—63.6 


—40.4 


3.6910 
7.0583 


3.2615 


Anileridine 0.12 mg/kg. 

This dose of anileridine did not give rise to 
apnoea in any patient. Statistical analysis shows 
that 0.12 mg/kg anileridine caused significantly 
less depression of the minute volume than did 
0.6 mg/kg pethidine and appreciably less depres- 
sion of the respiratory rate (see tables I and II). 
The results are shown in graphic form in figures 
1 and 2. 

In conclusion, in terms of its effects on respira- 
tion, anileridine has been found to be between 
2.5 and 5 times as potent as pethidine. This is 
similar to the analgesic potency ratio (3.8:1) 
which was found in a clinical comparison of 
anileridine and pethidine (Swerdlow, Brown and 
Tetlow, 1960). 
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A STUDY OF HYPOTENSIVE ANAESTHESIA IN THE ELDERLY 
BY 
W. N. RoLLason 


The Royal Infirmary, Aberdeen, Scotland 


As part of a general investigation (Rollason and 
Hough, 1960) of the importance of age as a contra- 
indication to hypotensive anaesthesia, it was 
decided to make a clinical study under controlled 
conditions. The work of Debenham and Ward 
(1960) suggested that retropubic prostatectomy 
would be an ideal operation for such a study 
because the employment of hypotensive anaes- 
thesia may permit the omission of an indwelling 
catheter, and such patients are usually elderly. 

The hypotensive series was compared with a 
larger group of cases operated on under normo- 
tensive anaesthesia. 


MATERIAL AND METHODS 


In the main investigation, 40 unselected patients 
having a retropubic prostatectomy under hypo- 
tensive anaesthesia were studied. 

Pre-operatively, and several weeks postopera- 
tively, the patient’s blood urea, serum bilirubin, 
teleradiogram and e¢.c.g picture were examined. 

Before, during and after the surgical procedure, 
the blood pressure, pulse rate and e.c.g. (recorded 
on a Cambridge direct writer) were observed. 
Standard leads I, II and III and precordial lead 
V5 were routinely used. 

The hypotensive technique employed varied as 
follows : 

Epidural block using 1.5 per cent lig- 


nocaine 19 cases 
Ganglionic blockade using trimetaphan 

or trophenium by continuous drip 12 cases 
Subarachnoid block using 1/200 cin- 

chocaine 8 cases 
Halothane 1 case 


As an e.c.g. was not available, the effects of any 
cerebral ischaemia produced were investigated 
clinically by interrogating the patient and, when 
possible, the relatives as well. 
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The patients were classified as A, B, or C risks; 
A risks were clinically healthy; B risks had either 
pulmonary or cardiac pathology; C risks had both. 
In addition, cases with a history of cerebral or 
coronary damage were classified as C risks. 

The age and grade of risk for the patients 
submitted to hypotension are listed in table I. 
The duration of the low pressure phase taken as 
the period for which the systolic blood pressure 
was below 80 mm Hg is also shown. The exact 
lesion in cases of known cardiovascular disease 
in the series is shown in table II. 

In order to compare the morbidity and mor- 
tality with normotensive techniques, the records 
for prostatectomies in the same hospital over a 
period of 4-5 years were studied. In this series 
of 103 cases, e.c.g. tracings and laboratory tests 
were not performed and consequently only infor- 
mation on mortality and the grosser forms of 
morbidity were available. 


MORTALITY 


The causes of death in the fatal cases in the 
hypotensive series are recorded in table III and 
those for the normotensive group in table IV. In 
case No. 25, the patient died after the induction 
of anaesthesia during the preliminary cysto- 
scopy; unfortunately the e.c.g. machine was 
disconnected at this time while the operating 
table was being moved for the preliminary 
investigation. 

The mortality for the two series is compared 
in table V. Analysis of statistical significances 
in these figures is impossible owing to the small 
numbers involved. Table III shows that only in 
case No. 25 could it be suggested that hypoten- 
sion was a likely cause of death. The postmortem 
report in this case revealed a haemorrhagic myo- 
cardial infarction, implying that the infarction 
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Taste | 


B.P. (mm Hg) 


Duration of 
low pressure 


Pulse rate 


Lowest 
Pre-op. pressure 


Average during low in 
pressure phase minutes 


140/80 


B 
B 
A 
B 
B 
B 
B 
A 
A 
A 
A 
B 
B 
B 
A 
Cc 
B 
A 
B 
A 
B 
B 
B 
B 
A 
B 
B 
B 
B 
B 
B 


* Time systolic pressure below 2/3 pre-operative systolic pressure. 


+ Case received a vasopressor. 


TaBLe Il 
Patients with known cardiovascular disease 


Case No. Type of disease 


5 Angina of effort 
Old coronary infarct and cerebral 
thrombosis 


24 Left ventricular hypertrophy 
25 Old coronary infarct 
26 Old coronary infarct 
36 Left ventricular hypertrophy 


probably started prior to the induction of anaes- 
thesia. 

Debenham and Ward (1960), Griffiths (1959), 
and Bodman (1960) have also investigated mor- 
tality following prostatectomy under hypotensive 
anaesthesia. The first workers had a mortality 
of 10 in 259 cases (approximately 4 per cent) 
using the combined “lytic cocktail” and spinal 
technique. Griffiths had a mortality of 22 per 
cent in 120 cases under normotensive anaesthesia 
and a mortality of 8 per cent in 115 cases under 
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No. risk Pre-op. 
3) «63 140/80 80/60 75 75 30* 
4 8 160/100 50/35 95 60 | 
5 64 170/105 60/40 85 70 90 
145/90 60/45 70 70 85 
17070 6045 75 70 50 
8 220/120 125/90 75 85 60" 
9 65 180100 65/50 60 70 50 
0 72 10.75 65/45 75 50 
172 145/70 80/65 75 75 30° 
13 64 160/100 60/40 75 25 
14 180,110 70/50 80 85 40 
is 6 200130 554085 85 35 
16 210/140 90/70 75 75 80° 
ue 17 64 110/70 80 40 80 65 70 
i871 210,130 50/3585 80 75 | 
19 21090 50/3085 85 80 
@ 150/90 60/45 80 60 45 
22 «63 18090 55/40 85 60 75 
160 100 §5/35 80 60 50 
a 24-70 250/150 50/35 65 70 
210/115 45/30 80 140 20 D.O.T. 
140/80 70/50 80 75 60 
195/90 5030 75 55 70 
29 21090 50/35 70 $5 
210/100 45/30 70 60 0 
3174 140.85 55/35 80 85 55 
3274 140,30 60/40 85 75 80 
133078 130/90 80/55 70 65 5* 
34074 10865 60/4580 70 60 
3578 140,90 50/30 75 85 25 
36 80 125/80 $535 95 85 70 tis 
37 76 180/100 60/50 80 60 50 
3883 165/100 50/35 85 50 70 
39 «64 16090 45/35 70 80 
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Taste Ili 
Mortality in the hypotensive series 


Time of death after 


Case No. operation 


Cause of death 


4th day 


19th day 
D.O.T. 


Sth day 


Uraemia due to iower nephron 
nephrosis and broncho- 
pneumonia 
Bronchopneumonia 

Cardiac arrest due to 
myocardial infarction 

Uraemia secondary to clot 
retention 


TasBLe LV 
Mortality in the normotensive series 


Case 
No. 


Time of death 
after operation 


Cause of death 


31 40th day 
33 14th day 


35 Death on table 


57 62nd day 


Day of operation 


day 


1Sth day 
27th day 


Pyelonephritis and uraemia 
Pulmonary embolism 
Cardiac arrest 
Uraemia secondary to clot 
retention and congestive 
cardiac failure 
Postoperative shock 
Toxaemia due to bed sores 
and bronchopneumonia 
Pulmonary embolism 


Toxaemia secondary to 
carcinoma of bladder 


TABLE V 
Mortality 


Normotensive anaesthesia Hypotensive anaesthesia 


No. of 
patients 


Grade of risk 


Deaths 


No. of 


patients Deaths 


51 
41 


9 
21 


10 


All cases 103 


40 


hypotensive anaesthesia; all cases were regarded 
as grade C risks. Bodman had a mortality of 4 
per cent for his hypotensive series and 7 per cent 
for the control. 


MORBIDITY 
Tables VI and VII give the observed morbidity 
for the two series and table VIII compares it. It 
will be seen from table VI that in five cases, the 
changes recorded suggest an improvement rather 
than a deterioration in the patient’s condition; 


these cases have been excluded from the com- 
parison of morbidity. 

No obvious difference in morbidity can be seen 
from table VIII. 

The average time to discharge after the 
operation was 26.7 days for the normotensive 
series and 28.2 days for the hypotensive series. 
This suggests that the recovery was similar in 
both series and agrees with the findings of 
Bodman (1959) except that his hypotensive cases 
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Taste VI 


Morbidity in hypotensive series 7 
Blood urea Serum bilirubin Other 
mg per 100 ml mg per 100 m1 Changes in Personality clinical R 

Case teleradiogram changes morbidity as 

No. Pre-op. Postop. Pre-op. Post op. pre-op. post op. post op. significant 

x 46 36 

10 34 50 + 

13 31 51 + 

18 More irritable + 

and depressed 
20 58 40 Quieter and Phlebitis + 


reads more 


Moderate degree 


of cardiomegaly 


VII 


Postoperative morbidity in the series of prostatectomies under normotensive 
anaesthesia 


Grade of 

risk 

A 74 Thrombophlebitis: Right leg (6th week) 
92 Phlebitis (10th day) 
29 Immediate postoperative collapse 
37 Pulmonary embolism (27th day) 

B 78 Auricular fibrillation 
82 Clot retention (8th day) 
87 Cardiac failure and mental changes 
93 Cerebral embolism (14th day) 
97 Personality change—became excessively 

garrulous on 2nd day 

10 Oedema of both legs 
11 Cerebral haemorrhage (19th day) 
13 Auricular fibrillation (17th day) 
19 Clot retention 
38 Pulmonary embolism (12th day) 

¢ 17 Immediate postoperative collapse with 

disorientation 

18 Severe reactionary haemorrhage and clot 


retention (8th day) 
Right basal pneumonia 


Tasie VIII 


Normotensive anaesthesia Hypotensive anaesthesia 


No. of 
Morbidity patients 
4 9 
B 41 10 21 
Cc 11 3 10 


17 40 


No. of 
patients 


Grade of risk 
Morbidity 


26 40 55 1.1 0.7 + 
27 40 45 + | 
29 0.2 0.7 + 
33 34 49 r 
34 96 74 
37 0.4 0.2 
2 
All cases 103 8 
: 


TaBLe IX 
Reduction in the height of the P wave 
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E.c.g. leads 


Nodal rhythm 


Nodal rhythm 


30 Inferior nodal rhythm 
Inferior nodal rhythm 


Inferior nodal rhythm 


were on the average discharged slightly sooner 
than his normotensives. 


ELECTROCARDIOGRAPHIC CHANGES 


Our previous investigations (Rollason and Hough, 
1959) had shown that it was dangerous to 
evaluate changes in the QRS complex using a 
single channel electrocardiograph and also that 
axis rotation very frequently recurred due to 
changes in the position of the heart. In the same 
study the PQ, QRS and QTC intervals did not 
appear to give useful information during hypo- 
tensive anaesthesia. Consequently, only changes 
in the P wave (table IX), ST segment (table 
X) and the T wave (table XI) were studied, and 
as in our previous work, minor changes were 
ignored. It was felt sufficient merely to record 


Tarte X 
ST changes 


E.c.g. leads 


elevation depression 


the sign of those changes which were deemed 
significant. Typical examples of the changes are 
illustrated in figures 1-3. 


TABLE 


x! 


T wave changes 


Case No. 


E.c.g. leads 


V5 


* = depression followed by elevation of T wave. 


+ = elevation of T wave. 


— =depression of T wave. 


al 
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B.P. 85.65 


Case No. 35. 
of the ST segment in lead V5 and of the T wave in all leads during 


Attempts were made to correlate the e.c.g. 
changes with changes in pulse rate, hypotensive 
techniques and grades of risk, but no such cor- 
relation was found. 

Age and blood pressures were two variables 
which could be factors in the production of e.c.g. 
changes. After some thought, the data is presented 
in the form of table XII. It will be seen that in 
the case of the T wave, only lead V5 has been 
used; the T wave was usually largest in this lead 
and the difficulty of changes in opposite directions 
in different leads was eliminated. 

From table XII it will be seen that nodal 
rhythm and ST depression occurred more fre- 
quently in the oldest patients. The blood pres- 
sure during the hypotensive phase was markedly 
higher for those cases where no significant e.c.g. 
changes occurred; ST depression and nodal 


B.P. 50/35 


Fic. 2 
Serial electrocardiographs showing a reversible depression 


the low pressure phase 
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t + ature. 


B.P.95/55 


rhythm were associated with the lowest blood 
pressures. 

An examination of the pre-operative blood 
pressures, shows that P wave changes and TV5 
depression are associated with high pre-operative 
pulse pressure, whereas “no significant changes” 
occur with a low pre-operative pulse pressure. 

It will be noted that the degree of hypotension 
produced was less marked in those with pre- 
operative blood pressures in the normal range. 
This was not a deliberate aim of the investigation 
but is probably associated with the fact that 
hypertensive patients are more susceptible to 
hypotensive techniques (Rollason and Hough, 
1959). 

A high pre-operative pulse pressure means 
that the patient has systolic hypertension, and 
there is a loss of elasticity in the great vessels. 
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XII 
Summary of e.c.g. changes relative to age and blood pressure 
B.P. (mm Hg) 
Average pre- Average 
Average Average op. pulse lowest blood 
age pre-op. B.P. pressure _ pressure 
No. in years inmmHg inmmHg_ inmm Hg 
All patients 40 70.8 169/93 73 60/43 
No clear change 6 72.2 147/83 62 79/57 
P wave changes 12 71.1 178/95 82 55/39 
Nodal rhythm 5 75.6 183/92 91 51/36 
ST Elevation 9 73.0 154/89 65 58/40 
Depression 3 79.0 167/93 73 50/32 
TVS Elevation 18 70.0 164/91 73 56/39 
Depression 10 72.0 187/105 84 58/42 


It will be seen that this predisposes to P wave 
depression (including nodal rhythm) and reduc- 
tion in the height of TVS. It might be expected 
that a reduction in the peripheral resistance 
caused by the hypotensive agent would produce 
a marked degree in the relative blood flow during 
systole and diastole. It is accordingly suggested 
that the systolic blood pressure should be kept 
at above 80 mm Hg in these cases. 


Muster et al. (1950) showed that in cases of 
acute haemorrhage reversible myocardial insuffi- 
ciency was associated with flattened or inverted 
T waves and ST segment depression. Many of 
the ST and TV5 elevations reported in this series 
have been in fact a tendency to eliminate an 
existing depression. At first sight, these might 
be regarded as suggesting an improvement in the 
oxygenation of the heart, but in fact Judson et 
al. (1956) suggest that such changes in their 
experience are indicative of myocardial ischaemia. 
It is concluded that in this age group a mild 
myocardial ischaemia of a readily reversible kind 
is likely to occur if the systolic blood pressure is 
reduced below 60 mm Hg. 

From table I it will be seen that the pulse rate 
during the low pressure phase was usually not 
very different from the pre-operative value. 
With the exception of the patient who died, 
tachycardia was never observed. Inglis (1952) and 
Rollason and Hough (1959) have shown that a 
combination of tachycardia and hypotension is a 
warning that serious circulatory imbalance is 
likely to be present. 


PATIENTS WITH A PREVIOUS HISTORY OF CEREBRAL 
AND CARDIAC INCIDENTS 

In table II the six patients having a previous 
history of cardiovascular disease are examined. 
Only one death (No. 25) occurred among this 
group. One patient (No. 26) had an increase in 
blood urea but a decrease in serum bilirubin. 
Thus the mortality and morbidity were not clearly 
different from the other cases in this series. 

The e.c.g. records are only available for five 
of these patients. No P wave changes were found, 
ST elevation occurred in two cases, and the T 
wave was elevated in two cases and reduced in 
one. Cases Nos. 8 and 26 were in the group “No 
significant change”. Thus the e.c.g. changes 
observed are not different from those occurring 
in the whole group. It should be noted that the 
reduction in blood pressure was just as great for 
these patients as for the remainder of the series, 
and it appears possible that the hypotensive 
anaesthesia was in fact an assistance to their cir- 
culatory dynamics (Rollason and Hough, 1960). 

CONCLUSIONS 
Electrocardiographic changes suggestive of myo- 
cardial ischaemia were common at blood pressures 
of 60 mm Hg and below in the elderly. 

Systolic hypertension predisposed to e.c.g. 
changes (particularly nodal rhythm or a lowering 
of the height of the P wave) during hypotensive 
anaesthesia. 

The incidence of morbidity and mortality in 
the hypotensive series was not clearly different 
from that during normotensive anaesthesia. 
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A previous history of cardiovascular disease in 
these patients did not produce an increase in 
morbidity and mortality. 

It is suggested that in patients of this age 
group the systolic blood pressure should not be 
allowed to fall below 60 mm Hg and that if a 
patient suffers from systolic hypertension the 
pressure should not be allowed to fall below 80 
mm Hg. 


SUMMARY 


Morbidity, mortality and e.c.g. changes have been 
studied in a series of 40 cases undergoing retro- 
pubic prostatectomy under hypotensive anaes- 
thesia. This incidence of morbidity and mortality 
was compared with that in a series of 103 cases 
undergoing the same operation with normoten- 
sive techniques and no important difference was 
found. E.c.g. changes suggestive of reversible 
myocardial ischaemia were frequently found 
when the systolic blood pressure fell below 60 
mm Hg. Systolic hypertension predisposed the 
patient to e.c.g. changes. It is suggested that the 
systolic blood pressure should not be allowed to 
fall below 60 mm Hg in this age group and 80 
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mm Hg in the case of patients with systolic 
hypertension. 
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IS IT SAFE TO EMPLOY HYPOTENSIVE ANAESTHESIA IN THE ELDERLY? 
BY 
W. N. RoLLAson 


Royal Infirmary, Aberdeen, Scotland 


EVER since the introduction of induced hypoten- 
sion, old age has been regarded as one of the factors 
against the employment of this technique. Cere- 
bral or cardiovascular disease, and even old age 
alone, have been cited as absolute contra-indica- 
tions (Enderby and Pelmore, 1951; Vandewater, 
1953; Bedford, 1955; Gray, 1957; Haxholdt, 
et al., 1958). However, the work of Debenham 
and Ward (1960) who produced hypotension by 
using the combination of a “lytic cocktail” and 
spinal analgesia for retropubic prostatectomy with 
conspicuous success, stimulated us to reconsider 
the justification for these contra-indications. The 
reasons usually given are: 

(i) the presence of atherosclerosis causing 
ischaemia of the vital organs at low pres- 
sure, and 

(ii) the reduction in blood flow encouraging 
thrombus formation. 

A search of the literature has shown that hypo- 
tensive techniques have been used in the elderly 
(i.e. in patients over 60 years of age) by many 
workers with reasonable success (Haxholdt et al., 
1958; Davison, 1950; Camerini et al., 1952; 
Kilduff, 1954; Mandow et al., 1954; Cox, 1957; 
Pope, 1957; Gardner, 1958; Rollason and Hough, 
1959. In these papers a total of 490 cases have 
been recorded with a gross mortality of 40, of 
which not more than 9 were associated with the 
anaesthetic technique used; not less than 16 had a 
previous history of cardiovascular disease. On the 
other hand, Mushin and others (1954) pointed out 
that in their experience postoperative complica- 
tions were almost doubled in the 45-64 age 
group compared with younger patients when 
hypotension was employed. ae 

The idea that age was a contra-indication to 
this technique originated during the period when 
the technique was being developed; at that time 
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death occurred in all age groups due to a faulty 
understanding of the risks involved. Today the 
technique has found its proper use among younger 
patients and the advantages it presents to these 
would appear just as valuable to the aged if there 
is no sound physiological argument against its use. 
Its employment by Debenham and Ward (1960) 
during prostatectomy had enabled the use of an 
indwelling catheter postoperatively to be avoided 
with great benefit to patient and nursing staff 
alike. 

The present investigation has been divided into 
two parts: 

(i) a reappraisal of the evidence leading to the 

contra-indications to the technique, and 

(ii) a study of a small number of cases of retro- 

pubic prostatectomy for signs of damage 
to the vital organs. 

In reappraising the contra-indications, both 
physiological and pathological evidence on cir- 
culatory haemodynamics and also the results of 
the treatment of hypotension by hypotensive drugs 
have been studied. 


CIRCULATORY HAEMODYNAMICS 


The effect of changing blood pressure on the 
supply of blood to both the vital organs and the 
general circulation has received much attention in 
recent years. Burton (1954) introduced the impor- 
tant concept of a critical closing pressure below 
which vessels collapse; the magnitude of this 
pressure has not yet been clearly established, but 
the use of hypotensive anaesthesia with systolic 
blood pressures as low as 40 mm Hg has fre- 
quently been reported without mishap. Hence, 
it would appear that the only serious question is 
whether the vital organs are adequately oxygen- 
ated at these pressures. 
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Grayson (1952) has developed a technique of 
internal calorimetry and has employed this to 
study blood flow in the brain (Carlyle and Gray- 
son, 1956), and liver (Grayson and Mendel, 1957) 
of various lightly anaesthetized animals. Pro- 
vided the vessels were not cannulated he found 
that there was an “intrinsic regulation” of the 
blood supply, by which the blood flow rapidly 
returned to a constant value after a fall 
in blood pressure, and this value remained ap- 
proximately constant down to systolic blood 
pressures of 40 mm Hg. For the brain, unlike 
the liver, the blood flow ceased abruptly at about 
20 mm Hg. Shipley and Study (1951) have 
obtained similar results for the kidney. 

Other investigations on the cerebral circulation 
are of interest. Bedford (1955) has pointed out 
that after an ordinary anaesthetic 7 per cent of 
a series of elderly patients showed signs of mental 
deterioration, which he presumed was caused by 
cerebral hypoxia. Clarke and others (1954) 
have reported a decrease in cerebral blood flow 
with increasing age or hypertension. At low blood 
pressures cerebral vascular resistance decreases 
and the arteriovenous oxygen difference increases 
in such a way that the circulation is adequate at 
systolic pressures of 50-60 mm Hg (Morris et 
al., 1953; Saunders, 1954; Van Bergen et al., 
1954; Hughes, 1955) if the patient is supine and 
anaesthetized. Under thiopentone anaesthesia 
Kety (1949) has shown that cerebral oxygen con- 
sumption is reduced by 44 per cent. In conscious 
patients, however, below 60 mm Hg, there was 
evidence of some impairment of cerebral function, 
which is supported by the e.e.g. evidence obtained 
by Bromage (1953). 

In the case of the liver, Bromage (1952) sug- 
gested that at pressures below 60 mm Hg local 
anoxia might be the cause of his observation that 
the liver became turgid and darkened, but this 
observation has not been confirmed by other 
investigators. 

In the case of the kidney, renal function was 
found adequate down to pressures of 55 mm Hg 
(Morris et al., 1953; Miles et al., 1952; Evans 
and Enderby, 1952). This finding is supported 
by a case report (Mandow et al., 1954) where a 
patient was by accident kept at a systolic blood 
pressures of under 70 mm Hg for 36 hours. Gross 
mental changes ensued and two months later he 
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died of anoxia and toxaemia caused by bed sores, 
but a postmortem examination yielded no evi- 
dence of renal damage. 

The other vital organ is the heart and an 
inadequate oxygen supply will cause immediately 
obvious results. It has been shown (Eckenhoff, 
1950; Little, 1957; Katz, 1958) that a fall in blood 
pressure produces a greater fall in cardiac work 
than in coronary flow, with the consequence that 
the heart is Jess likely to suffer from myocardial 
ischaemia during hypotension than at normal 
pressures. 

To summarize, the evidence is that, in the 
healthy individual, with a systolic blood pressure 
in excess of 50-60 mm Hg, the oxygen supply to 
the vital organs is likely to be perfectly satisfactory 
during hypotensive anaesthesia in the supine 
position. The way in which this conclusion must 
be modified for the case of elderly individuals, 
particularly those with histories of cerebral or 
cardiac incidents or hypertension will be con- 
sidered. 


THE EFFECTS OF AGE ON THE CIRCULATION 


In the elderly, besides the usual pathological dis- 
turbances of the circulation, some pathological 
conditions are so common that all must be sus- 
pected of possessing them to lesser or greater 
degree, even when clear clinical evidence is 
absent; they are atherosclerosis and the liability 
to thrombus formation in coronary and cerebral 
arteries. Hypertension is also common as a disease 
and not as a secondary consequence of some other 
primary disorder. 

Elkeles (1957) has reviewed the relation 
between atheroma and coronary artery disease and 
has shown that it is unusual for a fatal occlusion 
to occur in markedly atheromatous portions of 
the vessels and that, in fact, calcified atheroma 
actually appears to offer protection against throm- 
bus formation. Clearly sclerosed vessels will 
reduce circulation but such sclerosis, if at all 
general, would prevent a substantial reduction in 
blood pressure by the usual hypotensive tech- 
niques. Localized sclerosis will, of course, pro- 
duce serious consequences for the sclerosed 
region. Beck (1958) has shown in dogs that it is 
localized myocardial anoxia which causes e.c.g. 
changes. This danger is probably reduced by the 
existence of a collateral circulation which appears 
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to become more effective with increasing age; the 
artificial development of such a collateral circu- 
lation is being studied by Day and Lillihei (1959) 
as a successful method of treating myocardial 
ischaemia. 

Although atherosclerosis is often associated with 
hypertension, both can occur independently. 
Primary hypertension can be either due to loss 
of elasticity in the major vessels (systolic) or due 
to a more mysterious cause, probably of nervous 
origin (diastolic) (Pickering, 1955; Schroeder, 
1957; Brod and Fencl, 1958). Systolic hyper- 
tension is characterized by a low diastolic pressure 
and a high pulse pressure, whereas diastolic 
hypertension has a high diastolic pressure and a 
more normal pulse pressure. In recent years it 
has been the practice to treat hypertensive indi- 
viduals with ganglionic blocking drugs to main- 
tain the blood pressure at a more normal level 
(Schroeder, 1957; Brod and Fencl, 1958). Such 
treatment differs in three respects from hypoten- 
sive anaesthesia : 


The reduction in blood pressure is less. 

The reduced pressure is maintained for pro- 
longed periods. 

The patient is conscious and leading a relatively 
normal life with greater cardiac loading than 
during anaesthesia 

Nevertheless, the experience of physicians in 

this field should be a valuable guide as to likely 
effects during anaesthesia. 


Schroeder (1957) has pointed out that one 
danger of this treatment is that organic narrow- 
ing of arteries supplying the myocardium, brain, 
kidney and liver will cause ischaemia beyond the 
obstruction; however, in his experience it is 
fortunately rare to find such ischaemia in patients. 
A reduction of blood pressure in patients with 
angina associated with hypertension usually 
causes the angina to disappear, but in a few cases 
it may be aggravated (Schroeder, 1957; Turner, 
1959; Doyle and Kilpatrick, 1954; Judson et al., 
1956). Doyle and Kilpatrick (1954) have shown 
that in the majority of patients the coronary arte- 
ries are dilated rather than narrowed and that a 
reduction in pressure causes a greater fall in 
cardiac work than in coronary blood flow but that 
in the few cases where angina is made worse the 
reverse must be the case. These findings agree 
with the concepts put forward by Katz (1958) for 
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the healthy heart. The fact that a moderate reduc- 
tion of blood pressure can be maintained for years 
in these people with an improvement in their 
cardiovascular state suggests that a lowering of 
blood pressure is not likely to cause damage. 

In the case of the brain, the evidence reviewed 
earlier suggests that in the anaesthetized patient a 
lowering of blood pressure is more likely to 
improve oxygenation than to reduce it, but clearly 
excessive sclerosis might invalidate this conclu- 
sion. It seems possible that Bedford’s (1955) find- 
ing of an incidence of dementia in 7 per cent of 
the aged following normotensive anaesthesia, 
might not hold for hypotensive anaesthesia, but 
adequate evidence is not available on this point. 

The main effect of a damaged kidney would 
appear to be a slower excretion rate for drugs 
circulating in the blood stream (Milne and 
Oleesky, 1951). and so a danger of prolonging 
unduly the period of hypotension. 

In brief, it would appear that in the majority 
of indivduals, with hypertension, atherosclerosis 
or a history of coronary incidents, the reduced 
blood pressure is likely to improve the oxygena- 
tion of vital organs and so reduce the risk of 
ischaemia or infarction during an operation. In 
a small number of individuals, it would appear 
that the risk would be increased; clear evidence 
is not available to estimate in what percentage of 
cases this is true, but, on the bases of the medical 
treatment of hypertension, it must certainly be 
very small. 


EXPERIMENTAL OBSERVATIONS DURING HYPO- 
TENSIVE ANAESTHESIA 


It seemed desirable to carry out a controlled 
investigation to discover whether, in fact, there 
was a serious risk in using hypotensive anaesthe- 
sia in the elderly. As Debenham and Ward (1960) 
had shown that a distinct surgical advantage (the 
avoidance of an indwelling catheter) arose from 
hypotensive anaesthesia for retropubic prostatec- 
tomy, this seemed an ideal operation to use for 
such an investigation. Our study of a series of 
40 cases using hypotensive anaesthesia compared 
with a group of 103 cases where normotensive 
anaesthesia was employed, is reported elsewhere 
(Rollason and Hough, 1960). It is only necessary to 
summarize the main findings here; although the 
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emphasis was on e.c.g. changes during the low 
pressure phase, laboratory and clinical investiga- 
tions were carried out to detect damage to the 
vital organs. There was no significant difference 
in terms of morbidity and mortalty between the 
group undergoing hypotensive anaesthesia and the 
group having normotensive anaesthesia. 

E.c.g. changes occurred in 34 out of the 40 
cases under hypotension; changes were most 
common in the P wave, the ST segment and the 
T wave. When the systolic blood pressure fell 
below 60 mm Hg the changes were more frequent. 
Nodal rhythm and P wave depression were com- 
mon, the ST segment tended to be elevated and 
the TVS showed both elevation and depression 
(ratio approximately 2:1). It is thought that both 
the ST and T wave changes may be due to a 
degree of myocardial ischaemia. 

This investigation suggested that a reduction 
in systolic blood pressure below 60 mm Hg may 
produce a significant risk of myocardial ischaemia 
in the elderly. In fact half the cases investigated 
had a minimum systolic pressure below 60 mm Hg 
but their postoperative state was not significantly 
worse than the other half. If 60 mm Hg be re- 
garded as the minimum safe systolic pressure, it 
would appear that damage to the heart is unlikely 
to occur except in that small group of patients 
with an organic narrowing of the arteries leading 
to a vital organ. 

In the group of patients with systolic hyper- 
tension lowering of the height of the P wave 
(including nodal rhythm) and of the height of 
the T wave in lead VS was common. This sug- 
gests that systolic hypertension predisposes to 
e.c.g. changes and to the risk of myocardial 
ischaemia. It is suggested that the systolic blood 
pressure should not be allowed to fall below 80 
mm Hg in these cases. 

In this series of cases the pulse rate usually 
decreased and even when it increased the change 
was small. It had been shown (Rollason and 
Hough, 1959) that a combination of hypotension 
and tachycardia was likely to be indicative of 
myocardial ischaemia. 
THE EMPLOYMENT OF HYPOTENSIVE ANAESTHESIA 


It has been shown that age is not an absolute 
contra-indication to this technique. It is now 
necessary to define the conditions under which it 
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should be employed. The use of any method of 
anaesthesia must be justified in terms of the 
safety of the patient and on the improvement of 
the surgical conditions. A technique must be 
employed in the manner which yields the opti- 
mum advantages and minimizes its inherent 
risks. 

The use of hypotension reduces for all age 
groups the capacity to respond to sudden emer- 
gency demands on the circulation; this means 
that the anaesthetist must always be vigilant. Skill 
is necessary on his part to provide a smooth 
anaesthesia with a perfect airway and adequate 
oxygenation. The blood volume must be main- 
tained constant, and, prior to the operation, the 
haemoglobin content must be checked to see it is 
above 80 per cent (Vandewater, 1953). For the 
elderly, it is desirable to study the patient’s record 
for previous coronary or cerebral incidents, and 
to examine the e.c.g. and e.e.g. pre-operatively. 
Wells (1953) however, has pointed out that 
coronary sclerosis may be advanced without 
clinical symptoms or e.c.g. evidence. During 
the operation, blood pressure and pulse rate 
should be checked frequently and a combination 
of tachycardia and low pressure calls for immedi- 
ate action on the part of the anaesthetist. 

Has hypotension sufficient advantages to 
justify its use in the elderly? The present work 
suggests that in many cases the patient may have 
a more satisfactory circulation at reduced pressures 
but the authors are forced to admit that in a small 
number of people the reverse will be the case. 
Further work on the problem seems to be called 
for to see whether it should not become almost 
routine to use hypotension in the elderly. At the 
present time it seems clear that its use is only 
justified when some surgical advantage ensues. 

The reduction of blood loss is an advantage 
to the patient by avoiding the need for blood 
transfusion and to the surgeon by giving him a 
clear field in which to work. In the case of pros- 
tatectomy, the avoidance of an indwelling catheter 
is a major surgical advance which seems to justify 
the technique. 


CONCLUSIONS 


In the great majority of patients « reduction of 
blood pressure during anaesthesia is likely to 
assist oxygenation of the vital organs, but in a 
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small percentage of patients reduction in blood 
pressure will, in fact, cause a lack of oxygenation 
of the vital organs. At the present time, it is not 
possible to estimate the percentage accurately, 
but the evidence suggests it is indeed small and 
probably under 1 per cent. 

Advanced atherosclerosis is 
encourage thrombus formation. 

Our investigation suggests that ischaemia is 
unlikely to occur if the systolic blood pressure 
is above 60 mm Hg. 

Systolic hypertension seems more likely to be 
associated with e.c.g. changes during hypotension 
than diastolic hypertension. 

A previous history of coronary or cerebral 
incidents is not an absolute contra-indication to 
the technique. 

Mortality and morbidity appear to be no 
greater with hypotensive than with normotensive 
techniques. 

Hypotension should only be employed where 
the anaesthetist is both skilled and vigilant and 
where surgical advantages ensue from the 
technique. When it is employed the systolic 
blood pressure should not be allowed to fall below 
60 mm Hg, or in the case of systolic hypertension 
below 80 mm Hg. 

It is hoped to study a further series of cases 
under both e.c.g. and e.e.c. control in an endea- 
vour to detect the small percentage of cases where 
the technique is definitely contra-indicated. 


not likely to 
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IT is commonly believed that extradural analgesia 
for the relief of pain in labour or for the treat- 
ment of uterine inertia should not extend higher 
than the level of the tenth thoracic segment 
(Hingson and Hellman, 1956). Crawford (1959) 
repeats current teaching that extension upwards 
to the fourth or fifth thoracic segment will halt 
the progress of labour. Dawkins (1960) and 
Steel (1960) have subscribed to this view. 

Johnson (1957) reported the results of a clinical 
trial of continuous caudal analgesia for prolonged 
labour. In his series there were twenty-three 
patients of whom three were refractory to treat- 
ment of 6 hours duration. In these three he con- 
tinued analgesia for a further 6 hours to prove 
its inability to dilate the cervix. It is just in this 
kind of patient that it seems rational to try 
“uterine denervation” or high extradural block- 
ade and the work of Alvarez, Poseiro and Pose 
(1959) supports this. They stated that in complete 
blockade of the nerve supply of the human uterus 
in labour, by means of subdural block, its tone 
as well as the frequency, intensity and duration 
of its contractions were completely unaffected. 
They also stated that, when uterine contrac- 
tility was inco-ordinated, blockage of the spinal 
cord up to the sixth thoracic segmental level 
strikingly improved the pattern of uterine con- 
tractions in some cases. 

The following report describes two cases of 
cervical dystocia who were treated by lumbar 
extradural analgesia. In both instances, after a 
period in which the two mothers were relieved of 
pain and recuperated their strength, but in which 
no progress in labour was made, the level of their 
sensory blockade was taken to a high level inten- 
tionally, so that as far as present knowledge goes, 
the uterus was totally cut off from the central 
nervous system. In both patients this appeared 
to lead to rapid dilatation of the cervix and de- 
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HIGH EXTRADURAL BLOCK FOR CERVICAL DYSTOCIA 
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livery per vaginam when, prior to the extradural 
block, Caesarean section was a strong probability. 


CASE 1 
Age 27, para 0+0, E.D.D., 22.5.59. 
Antenatal period uneventful. 
20.5.59. 

Time 
0001 
1315 


Commenced labour. 

Admitted to the Middlesex Hospital. Vertex 
— Head engaged. Contractions weak 1 in 
1845 Contractions good, | in 3. 

1850 Pethidine 100 mg given. 

21.5.59. 

rime 
1830 Feels like pushing. Vaginal examination: ver- 
tex, mid-cavity, membranes intact, two fingers 
dilated, cervix soft but thickish. Contractions 
fairly good, 1 in 3-5. Pethidine 200 mg. 

2200 “Getting into a state again.” 

22.5.59. 

Time 
0025 
1400 


Papaveretum 20 mg given. 
Vaginal examination: half-crown dilated, 
cervix thick anterior lip, membranes intact, 
head well applied to cervix, LOA. Urine acetone 
a trace. Contractions fairly good, 1 in 3-4. 
1700 EXTRADURAL ANALGESIA, 

Using the right paramedian oblique approach with 
a Tuohy needle a nylon extradural catheter was passed 
via interlaminar space between first and second 
lumbar vertebrae up to the level of the body of the 
twelfth thoracic vertebra in the extradural compart- 
ment. 1.5 ml of 1.5 per cent lignocaine was injected 
down the catheter followed 10 minutes later by 2.5 
ml in the supine position, This completely abolished 
the pain of uterine contractions leaving perineal 
sensation unimpaired. Segmental block as ascertained 
by pinprick 20 minutes later extended from the 
twelfth thoracic to the second lumbar segment. 


Time 

1945 Vaginal examination: three fingers, ant. lip+ +. 
3 ml 1.5 per cent lignocaine extradurally with 
patient propped up. This relieved all pain. 
Patient had only a sense of pressure in the pelvis 
with contractions. 

2055 2 ml 1.5 per cent lignocaine extradurally. Pain 
relieved. Still wants to push down. 

2150 Contractions good, 1 in 3-5. Quinalbarbitone 


sodium 200 mg. 
2210 6 ml 1 in 600 cinchocaine extradurally. 


23.5.59. 
0005 Vaginal examination: no change. 
0120 Mother distressed and wanting to push. 
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Time 
0140 


0150 
0245 
0330 
0500 
0630 


5 ml 1 in 600 cinchocaine extradurally with 
patient sitting up. 

Pethidine 100 mg given. 

Resting well. 

Cinchocaine 5 ml repeated. 

Pethidine 100 mg given. 
Vaginal examination: cervix thinner but still 
three fingers dilated. Restless again, 
140/80 mm Hg. Temperature 97.6°F. Pulse 
120/min. Respiration 20 min. Urine showed a 
trace of albumin. F.H. 136. Contractions good, 
1 in 4. 

cinchocaine extradurally, patient sitting 


Mother distressed. Contractions good, 1 in 5. 
Pethidine 100 mg given. 

HIGH EXTRADURAL BLOCK. 10 ml of 1 in 600 
cinchocaine was injected rapidly down the 
extradural catheter with the patient supine 
and tilted 30° head down. Segmental block 
ascertained by pinprick extended from the 
seventh thoracic to the second lumbar segment. 
No hypotension developed and the patient was 
able to sit up 20 minutes later. 

Vaginal examination: cervix felt on left and 
anteriorly, thin and very well applied. Head 
midcavity. 

Repeat 10 ml cinchocaine as above. 

Block worn off. The patient was judged to be 
fully dilated and it was decided to allow the 
second stage to progress in the normal way. 
Vaginal examination: fully dilated, head low 
and midcavity. F.H. rapid. 

15 mi 1.5 per cent lignocaine given with the 
patient sitting up and a live baby girl (6 Ib. 
6 oz.) was delivered by forceps with the mother 
awake and co-operating at 1705 hours. 


The total duration of labour was 89 hours, 5 min. 
Both mother and baby did well subsequently and the 


baby 
CASE 


was breast fed. 


2 


Age 33, para 0+0, E.D.D. ? 22.6.59. 
Antenatal period: B.P. 140/90 mm Hg from February 


onwards. 


16.7.59. 
Albumen in urine and patient admitted for induction. 


17.7.59. 


Time 


0915 


General anaesthetic. Head engaged. Vertex 
LOA. Cervix not dilated. One finger introduced 
with difficulty. Membranes swept. Hind waters 
ruptured and 2 oz. (60 ml) taken off. Foetal 
heart satisfactory. 


1400 Enema and bath. 

18.7.59. 

2000 Backache. Butobarbitone 200 mg. 
19.7.59. 


0300 Contractions fairly good, 1 in 4. 


0600 


B.P. 150/90 mm Hg. Urine: albumen a trace, 
Pethidine 100 mg. 

Patient rather distressed, Vagina] examination: 
cervix barely admits one finger, thick and feels 
rigid. Contractions good, 1 in 3-4. 

Patient very distressed. Pethidine 200 mg. 
Pethidine 100 mg. 
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Patient pushing. Vaginal examination: cervix 
thick, anterior fontanelle felt anteriorly. Con- 
tractions fairly good, 1 in 3-5. 


1215 Morphine 15 mg. Scopolamine 0.4 mg 

1630 Vaginal examination: head low ROP, thick 
oedematous cervix 3-4 fingers dilated. 
EXTRADURAL ANALGESIA 

1730 Using the right paramedian oblique approach 
with a Tuohy needle a nylon extradural 
catheter was passed via second and third lumbar 
interlaminar space up to the level of the body 
of the first lumbar vertebra in the extradural 
compartment. 6 ml | per cent lignocaine was 
injected down the extradural catheter with the 
patient supine and in 20° head-up tilt. This 
relieved all pain except the rectal discomfort. 

1740 6 ml 1 per cent lignocaine extradurally with the 
patient sitting up. Complete pain relief with the 
patient still aware of contractions. 

1800 B.P. 145/90 mm Hg. 

1840 7 ml 1 per cent lignocaine extradurally with the 
patient sitting up. Rectal discomfort relieved. 

2020 Rectal discomfort returning. 10 ml 1 in 1200 
cinchocaine extradurally sitting up. Block up to 
tenth thoracic segment (pinprick) but rectal dis- 
comfort not relieved satisfactorily. 

2110 15 ml 1 in 1200 cinchocaine extradurally sitting 
up. 

2130 Vaginal examination: head midcavity, cervix 
four fingers dilated, thick anteriorly and thin 
posteriorly. 

2325 15 mi 1.5 per cent lignocaine extradurally, 
patient propped up. 

21.7.59. 

0405 Ditto. 

0700 Contractions good, | in 10. 

0745 20 mi 1.5 per cent lignocaine extradurally, 
patient propped up. 

0850 Ditto. 

1130 Vaginal examination: head low ROP cervix 
3-4 fingers dilated. Outlet appears adequate. 

1240 20 ml 1.5 per cent lignocaine extradurally, 
patient propped up. 

1400 Ditto. 

HIGH EXTRADURAL BLOCK 

1430 20 ml 1.5 per cent lignocaine extradurally, 
patient supine and 20° head-down tilt. Subse- 
quent block up to fourth thoracic segmental 
level (pinprick). (The B.P. rose from 140 to 150 
mm Hg systolic.) 

1545 Block wearing off. 

1630 Strong contractions. 

1715 Vaginal examination: fully dilated. 

1850 50 ml 1.5 per cent lignocaine extradurally with 
the patient propped up. Forceps delivery with 
mother awake and co-operating. Live girl 
7 Ib. 3 oz. Both mother and baby did well 


subsequently and the baby was breast fed. 


DISCUSSION 


The pathway of uterine labour pain is via the 
eleventh and twelfth thoracic segmental levels. 
Sympathetic efferent nerves to the uterus are 
dissociated and arise from the sixth thoracic seg- 
mental level and below. 
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It seems that the uterus in labour does not 
wholly depend on nervous pathways to and from 
the central nervous system. The first stage of 
labour progresses normally after destruction of the 
spinal cord up to fourth thoracic segmental level 
(Dawson, 1943). Garrett (1959) believes that the 
large contractions of late labour and pregnancy 
appear to be secondary to the development of a 
physiological syncytial state within the uterine 
musculature. Embrey (1958) doubts the existence 
of a parasympathetic nerve supply to the uterus. 
The uterus is directly influenced by the sympa- 
thetic nervous system and Garrett (1954) con- 
cludes that pure l-adrenaline inhibits the large 
uterine contractions of late pregnancy and labour 
whereas pure |-noradrenaline stimulates them. He 
states also that inco-ordinate uterine action is 
probably associated with a derangement of the 
normal fine adjustments of the amounts of adre- 
naline and noradrenaline liberated at the nerve 
endings in the uterus. 

As the uterus in labour can act without its nerve 
supply it is logical to try efferent sympathetic 
blockade in most cases of uncomplicated delay in 
the first stage. High extradural nerve block should 
be considered in those cases of uterine inertia 
which are not responding to blockade below the 
tenth thoracic segmenta, level. With a large 
number of cases to study it might be possible to 
formulate clear indications for this treatment and 
the scope of extradural analgesia in the treatment 
of uterine inertia might be widened, 

The nylon or polyvinyl extradural catheter has 
greatly increased the safety and application of 
extradural nerve block. Such a catheter may 
remain in the extradural space for several days, 
for the purposes of prolonged analgesia, without 
ill effect. Using a differential segmental block a 
patient in the first stage may walk about pain- 
free with adequate proprioception and retaining 
the ability to micturate at will 
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Extradural analgesia of the nature described 
requires the wholetime supervision of one who is 
deeply interested in the technique and has the 
requisite skill for its performance. 


SUMMARY 


Extradural blockade of the sympathetic efferent 
nerve supply to the uterus was performed in two 
cases, This was contrary to accepted practice and 
resulted in a dramatic full dilatation of the cervix. 

A re-examination is suggested in the belief that 
extradural analgesia for the relief of pain in labour 
or the treatment of uterine inertia ought not to 
extend above the tenth thoracic segmental level. 
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CORRESPONDENCE 


NEONATAL PHYSIOLOGY AND 
RESUSCITATION 


Sir,—I would beg space to contest some of the 
views expressed in articles which have appeared 
in your recent pages—articles on the topics of 
neonatal physiology and resuscitation. 

There can be no doubt that endotracheal 
intubation is an essential part of the scheme of 
neonatal resuscitation. I was most sorry to observe 
Professor Donald (Brit. 7. Anaesth., 32, 106), 
and Dr. McDonald (Brit. 7. Anaesth., 32, 22) 
continuing to pay at least lip service to “gastric 
oxygenation”. This is a dangerous manoeuvre in 
the period immediately after delivery, because 
indulgence in it encourages the operator to delay 
passing an endotracheal tube. In such an event, 
the pulmonary tree fails to blossom out promptly, 
hence the pulmonary vascular tree is inadequately 
filled, and thus the normal changes in cardio- 
vascular dynamics are retarded. The sequelae 
may include cardiac failure, regressive pulmonary 
efficiency syndrome (of which hyaline membrane 
disease may be the termination) and cerebral 
hypoxia. 

Furthermore, “gastric oxygenation” is of no 
more worth than is playing oxygen through a 
nasal catheter or via a funnel placed over the 
mouth. In the Presbyterian Hospital, New York, 
last year, a group of which I was privileged to 
be a member was able to demonstrate that, cer- 
tainly in newborn puppies, oxygen delivered into 
the stomach did not pass into the general cir- 
culation. This work is due to be published 
shortly. Actually we were merely repeating an 
investigation carried out several years ago at the 
same hospital by Drs. Virginia Apgar and 
Duncan A. Holaday, but I believe that that was 
not published either (contrary to popular belief, 
not all Americans are for ever rushing into print, 
just as not all British contributions are com- 
prised of 10 per cent investigation and 90 per 
cent clinical impression). 

Next I would like to chide Professor Donald 
for retaining those outworn terms “blue 


asphyxia” and “white asphyxia”. They are fuzzy 
concepts of indefinite import. Definition and 
measurement are the bases of understanding, 
and only through understanding can rational 
treatment be applied. We must have a reasonably 
comprehensive system of criteria against which 
to measure the state of the neonate. Preferably 
this should be accepted on a national scale so as 
to facilitate the comparison of methods of con- 
ducting labour and delivery and of resuscitation. 
Once more I would urge that the Apgar scoring 
system (1953) be adopted—anyone can be taught 
it in 3 minutes—and I would suggest that the 
score be assessed at 1 minute and again at 5 
minutes after delivery. 

Professor Donald is also, I think, guilty of 
advocating the wrong narcotic antagonist. He 
virtually demonstrates this when he warns that 
“more harm than good will be committed unless 
nalorphine is used” only when a narcotic is 
known to be present in the child. Nalorphine, 
when given alone, will certainly cause respiratory 
depression, However, levallorphan (Lorfan) 
administered in the accepted dose range is far 
less likely to increase the degree of respiratory 
depression, should the latter, in fact, be of non- 
narcotic origin, Lorfan is undoubtedly the drug 
of choice in this context, though, of course, it is 
preferable that the mother should receive it with 
each dose of narcotic, rather than that its aid 
should be withheld until after delivery. 

Regarding the limitations to be applied when 
giving I.P.P.R., I fear that Professor Donald is 
now somewhat out of date. The figures published 
by Day, Apgar and their colleagues in 1952 have 
now been superseded by those advised by Dr. 
Apgar and her group at the Sloane Hospital. I 
did attempt to communicate these facts recently 
(Crawford, 1959). A pressure within the range 
25-35 cm H,O, repetitively maintained for 
0.5—1 sec, with an interval of about 1 sec between 
applications, will satisfactorily inflate the neo- 
nate lung. No machinery is needed—only the 
resuscitator’s air- or oxygen-filled mouth. 
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Obviously the acceptance of this new finding will 
cause great relief, for who can with ease assess 
a period of 0.15 second? 

I applaud Professor Donald’s advocacy of the 
anti-Trendelenburg position for neonates after 
resuscitation and aspiration. It would have been 
better, I believe, had Dr. McDonald made it plain 
that the head-down tilt should be employed only 
until the upper air passages and the stomach have 
been cleared of potentially inhalable contents. 

I have already contested several points made by 
Dr. McDonald in his article on Infant Physiology 
and Anaesthesia. I will forbear to comment on the 
details given regarding levels of oxygenation, or 
on the statement that “the foetus is accustomed 
to comparatively poor oxygenation at term”. I 
would refer your readers to a recently published 
Symposium (Sissons and Whalen, 1960) and to 
a Review Article (James, 1959) for more reliably 
informative discussions on these questions. 

Dr. McDonald states (p. 24): “The blood 
volume at birth is nearly 120 ml/kg of body 
weight, but this soon begins to fall and a normal 
value in a few months is about 90 ml/kg.” As 
contributors to your later issue confirm (Graham, 
1960; Anderson, 1960; Rees, 1960), the accepted 
figure at birth is about 85 ml/kg. Contrary to the 
concept of a rapid fall in volume, Sissons and 
Whalen (1960) have recently presented data by 
which they claim to show a startling rise in cell 
and plasma volume during the first few hours 
after delivery. 

J. SELWYN CRAWFORD, 


London, N.W.3 
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VAPORIZERS FOR HALOTHANE 
Sir,—The paper by Baxter (1960) in the April 
issue of the Journal gives confirmation of facts 
which have been rumoured among anaesthetists 
for some time. Following his suggestion of the 
need for a simple halothane vaporizer, may I 
draw attention to the work of Burton (1958) on 
the use of the Rowbotham vaporizer for 
halothane. 

Since then we have been using the new Gold- 
man halothane vaporizer in a similar manner, and 
find it even more satisfactory. A full description 
of the use of this vaporizer is in the press, but 
may I state that provided the patient has spon- 
taneous respiration it is impossible to get more 
than 3.5 per cent halothane in the circuit if there 
is a slight blow-off from the expiratory valve. 
This vaporizer has the added advantage of a 
graduated glass container for the halothane so 
that the actual volume of halothane being vapo- 
rized can be seen. And there is no increase in 
resistance to respiration with it in use. 


F. R. GUSTERSON, 
Worthing Group of 
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phenactropinium chloride 


an agent for the production of controlled hypotension during 
general anaesthesia, providing ganghon blockade without direct 
vasodilator action. This original product of the Duncan Flockhart 
Research Laboratories is now available in the new, more conven- 
tent, pack of 20 ml. (1,000 mg.) in a box of 6 injection-type vials. 


“The use of a homatropimium derivative to produce controlled 
hypotension” Brit. J. Anaesth, 29, 342, 
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“Comparison of two hypotensive agents” Anaesthesia, 14, 53 


“The use of Fluothane and Trophenium in anaesthesia tor the 
surgery of deatness’’ Scot. med. J., 3, 496. 
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